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ABSTRACT 
Fifty one of Natal's 73 estuaries have been almost completely 
overlooked in terms of any scientific study, despite which a marine 
nursery function has commonly been attributed to each of them. In the 
knowledge that many of these systems were normally closed and others 
were in a seriously degraded state, this study was undertaken with the 
aims of examining their present day community structure in order to 
provide a basis upon which their future condition Cilll be monitored and 
to provide a classification of these coastal resources. 
The study area incorporated 62 different systems extending over 
240 km of the Natal coastline south of the Tugela River. During the 
three year study period (Sep 1979 - Nov 1982) 82 515 specimens, 
comprIsIng an assemblage of 12~ different species, were caught by 
means of a small beam trawl. These comprised 86 species of fish, 21 
species of crabs and 18 species of prawns. The data obtained were 
correlated to abiotic variables such as mouth condition, salinity, 
temperature, dissolved oxygen, water transparency, depth, nature of 
the substratum and peripheral vegetation. 
Based on the ability of biota to synthesize environmental 
variables into one common response, multi-variate anal'lsis is used to 
demonstrate the similarity in community structure between open and 
closed systems (for example) or between fresh and saline systems, and 
thereby resolve an age-old argument about estuary classification. The 
data also suggest that in their present day condition only six of the 
systems studied make a significant contribution to the recruitment of 
estuarine-dependent marine stocks (sensu stricto) principally because 
of their open mouth condition. - Closed systems, deliberately 
classified as lagoons, have a different resource value, being utilized 
primarily by resident species that can complete their life cycle 
within the system. An appreciation of this salient difference helps 
to reinforce the critical need for an effective management strategy to 
be implemented to prevent Natal's dwindling estuarine resources from 
deteriorating any further. 
The term 'estuarine-dependence' is critically examined in this 
context to show that a species more dependent on estuaries than any 
other, is man. It is argued that man's continued abuse of these 
resources is shortsighted, and that the most serious threat of all is 
sedimentation, accelerated in this instance beyond the geological norm 
by catchment mismanagement. 
The practical application and value of classification to planning 
i1nd management is demonstrated and a methodology proposed, based on 
community responses, for the monitoring of the future environmental 
condition of each estuary and lagoon in Natal. 
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Generally speaking most people consider an estuary as a place 
where rivers meet the sea forming a transition zone between freshwater 
and seawater due to the influence of the tides (Pritchard,1967). 
Others designate estuaries as brackish water areas (Caspers,1967) but 
it is clear from the many attempts to define what is meant by an 
estuary that, because the term may be applied in so many different 
ways, no one definition has yet proved to be entirely suitable. 
Despi te this, over the last two decades the biological significance of 
estuaries has received more and more attention because above all else 
some estuaries have been found to be extraordinarily productive. 
Researchshawed that estuaries can have a net primary productivity of 
about 2000 g of plant matter per square metre per year compared with 
-2 -1 . -2 -1 means of 730 g m yr for total land productiv1ty and ISS g m yr 
for total ocean productivity (Knox,1980). 
Al though this concept is no longer popular (Nixon, 1980) the 
maximization of estuarine productivity irrespective of its magnitude 
should be regarded as critical for mankind faced as he is by the 
threat of exponential population growth and an ever increasing demand 
for food. Thus the International Union for Conservation of Nature and 
Natural Resources (IUCN) regards coastal and freshwater systems one of 
the three most important and threatened lllife-support systems" in the 
world and has launched a global appeal through the publication of the 
World Oonservation Strategy (IUCN,1980) for their conservation. The 
IUCN's interpretation of conservation is "the management of human use 
of the biosphere so that it may yield the greatest sustainable benefit 
to present generations". Implicit in this concept is an appreciation 
of the carrying capacity of ecosystems and the realities of resource 
limitation. 
Throughout the world,people are concerned about the degradation of 
estuaries (McHugh,1968; Odum,1970; Hedgpeth, 1975; Pollard, 1976, 1981) 
and many others cited in the following discussion. At the Fourth 
International Conference of the Estuarine Research Foundation, for 
exevnple, the President, Dr F.J. Vernberg, opened the proceedings by 
2 
saying that " •.. estuaries and adjacent environments are ecological 
systems that are subjected to continual stress by natural and man-
induced perturbations" (Wiley,1978: KennedY,1980). Varying circulation 
patterns, salinity, the deposition and erosion of sediments and the 
coming and going of animal life all result in an instability of the 
system which in itself becomes the most distinctive biological feature 
of the estuarine environment in general. Further changes become 
induced by the multiplicity of uses that man demands of estuaries. 
Ketchum (1969) draws attention to the problem by quoting the following 
letter which originated from the Conservation Foundation Washington 
D.C. in 1967. It reads as follows: 
"What is an estuary? To the scientist an estuary is very fertile 
and more productive of plant and animal life than either land or the 
sea. To some an estuary is an unused space to be developed for 
housing projects, industrial sites, roads, marinas, golf courses, 
amusement parks and sewage treatment plants. To commercial and sport 
fishermen estuaries are vital. OVer 90% of the total harvest of 
seafood taken by American fishermen comes from the continental shelf 
and about two-thirds of that volume are species that are in some way 
estuarine dependent. To the harbour developer seeking to dredge and 
fill an estuary it was not 'a veritable paradise' because although it 
did support wildlife, it also supported vermin such as rats and 
mosquitoes. To another developer seeking to build upon an estuary, 
only concern about the 'love-life of fiddler crabs' stood in his way. 
To the sand and gravel industry, estuaries are a principal source of 
these raw materials for construction. To some others estuaries are to 
be left untouched for enjoyment and relaxation, for recreation without 
development, and for a closeness to nature". 
This suggests that throughout the world estuaries have always been 
a favourite site for human settlement (Cronin,l967) and consequently 
have been subjected to a wide variety of uses (Lankford,l976). In 
addition they also receive the impact of human activities throughout 
the entire catchment of the rivers that drain into them and act as a 
natural pollutant trap. Their vulnerability lies in the sensitivity 
of the life that thrives within them (Knox, 1980). 
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In the South African context the functioning of estuaries 
(Wallace,1975c; Blaber,1980) and the factors that threaten that 
environment (Heydorn, 1972; Grindley ,1972, 1974) are regarded as 
identical to those outlined above. Huntley (1978) maintains for 
example, that estuaries are more seriously threatened than any other 
ecosystem in Southern Africa. For these reasons numerous 
orqanizations have over the years made a concerted effort to acquire a 
thorough understanding of South African estuaries as a fundamental 
requirement for the conservation and management of this resource. 
With specific reference to Natal for example there are approximately 
32 reports on estuaries (published and unpublished) available from the 
Oceanographic Research Institute (ORI). The most important of these 
are three Investigational Reports by Wallace (1975a,b & c). Over and 
above this the National Institute of Water Research (NIWR) has been 
responsible for writing approximately 45 reports on estuarine matters 
(mainly unpublished), the most pertinent being a confidential series 
conducted in the 1970's on environmental pollution (Hemens et al., 
1971,1972,1973; Oliff et al. ,1977 a,b & c; Connell et al., 1977). 
Similarly staff and students at the University of Natal have, apart 
from numerous theses, produced well over 40 published papers on 
estuarine topics significant amongst which have been those contributed 
by Blaber (1976,1978), Whitfield (1976,1979) and Forbes (1979). In 
recent years the Natal TOwn and Regional Planning Commission produced 
an inventory of the state of knowledge on estuaries (Begg,1978) and a 
policy document for the formulation of an overall management strategy 
(Begg,1979). A review of South African estuaries has just been 
completed by Day (1981) and the government is presently supporting a 
study by the National Research Institute for Oceanology (NRIO) of 167 
estuaries in the Cape Province (Heydorn & TinleY,1980). 
One of the most thought provoking disclosures made during the 
process of reviewing the present day state of knowledge of Natal's 
estuaries (Begg,1978) was the fact that 51 out of Natal's 73 estuaries 
had virtually never been studied at all. Most of the work on Natal's 
estuaries had been conducted on large open systems (Frontispiece) such 
as St Lucia (Day,1954; Millard & Broekhuysen,1970; Wallace,1975 a & b; 
van der Elst!:! al. ,1976; Blaber ,1976), Richards Bay (Millard & 
Harrison, 1954; Hemens et al. ,1970) and Kosi (Campbell & 
Allanson,1952; Broekhuysen & Taylor,1959; Heydorn & Wallace, 1973; 
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Blaber , 1978) • 
In essence Natal's smaller estuaries had either been neglected by 
the scientist or at best surveyed by Prof. J.H. Day (unpublished data) 
on single occasions as long ago as 1950. Consequently the tendency to 
attribute conventional estuarine functions to each and every estuary 
in Natal began to be questioned by decision makers such as planning 
authorities and governmental agencies (Pistorius, pers.comm.). 
One of the main reasons for this attitude arose from the fact that 
Begg (1978) classified 56 of Natal's estuaries as 'lagoons' because 
they were seasonally or normally closed to the sea, a condition which 
according to Scott et al. (1952), Grindley (1980) aoo Hodgkin (1980) 
reduced their value as nursery areas. 
Another factor that cast some doubt on the validity of continuing 
to attribute nursery functions to every estuarine system in Natal was 
their present day environmental condition. Although the assessment 
made was subjective, the schedule compiled (Begg,1978, p.19) gave some 
indication as to which of Natal's estuaries still appeared to have a 
nursery function, which appeared to be losing this function and which 
appeared to have lost it. This assessment was based on criteria such 
as the degree to which peripheral plant communities had become 
disturbed, the diversity of the animal life present, the mouth 
condition, the depth, and the quality of the water. The net result 
was that only 20 of the 73 'estuaries' in Natal were considered to be 
functional. 
It seemed clear at the time that a gradation existed from a 
functional estuary at one end of the scale to a system that was no 
longer an estuary at the other. Furthermore, it was obvious that man 
had played a significant part in bringing about this variation. 
Thus, with these hypotheses in mind it seemed imperative that an 
in-depth study of these small, possibly misunderstood, systems be 
conducted. An added incentive of doing so was the knowledge that it 
was the small estuaries of Natal which were the most vulnerable to the 
developmental pressures at which conservationists constantly level 
criticism (Begg,l980). 
From the beginning it was clear that for the proper fulfilment of 
the task a qreat deal of fieldwork had to be undertaken. '!he 'problem 
was compounded by the fact that with the finances available it would 
have to be undertaken single-handedly. Consequently the solution lay 
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in the adoption of a s~pling strategy that was simple to operate but 
effective. An example of this strategy can be seen in the assessment 
of the nature of the substrattun, because sophisticated techniques of 
data collection and analysis were not used. The results were checked 
nevertheless and found compatible with more complex methods. The boat 
and motor used for this study were also carefully chosen so as to be 
robust while at the same time sufficiently light to enable them to be 
carried to the water's edge, often over difficult terrain. 
Even the philosophy underlying the study, namely the use of 
biological indicators, was simple and well tested. It is well known 
for example that both single species (Bedford et al.,1968) and 
communities (Cairns,1974; Jones et al. ,1981) can be used as an 
accepted measure of the health of an ecosystem. They reflect external 
environmental stresses as well as internal stability and productivity. 
The Thcwnes Estuary, which was totally lifeless 15 years ago, serves as 
a good example. 
In the Thames there has been a steady biological response to the 
modernisation of sewage works and control of industrial wastes. 
Ninety six species of fish have since returned to the estuary and 
thousands of various waders and ducks now occur on the water's eCkJe 
where previously a perpetual film of detergent denied such utilization 
because of the effect of detergents had on the waterproofing quality 
of their feathers (Green,1979). The lesson to be learnt is that 
monitoring of those communities revealed a great deal about the 
quality of the environment without the use of anything more 
sophisticated than a trawl and a pair of fieldglasses! In their 
research on the rivers of Natal the NIWR successfully used the 
freshwater fauna as a means of determining the degree of organic 
enrichment according to its effect on the population density and 
tolerance of certain animals to pollution (Brand et al. ,1967). 
Amongst other things this work showed how species diversity increased 
in unpolluted waters. Bechtel and Copeland (1970) also showed that 
fish diversity was negatively correlated with pollution levels. 
The benefits to be derived from grading estuarine resources 
according to their biological nature has been foreseen for several 
years (Haedrich & Haedrich,1974; Siegfried,1981 a & b), but the 
problem has always been one of the unavailability of the relevant 
data. The results of such a research approach was seen to be of 
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considerable value to management as it would be a possible means of 
identifying those fetures of an estuary that were most sensitive to 
interference and stress, as well as in determining that point on the 
envisaged scale of variation between them, where flexure occurred 
thereby demarcating a condition at which an estuary ceases to function 
in its classical manner. 
It was decided that three years of fieldwork would be required to 
complete the study. During the first year eight carefully chosen, 
widely differing systems were selected and sampling techniques were 
refined. In the second year an additional six systems were added to 
increase the spectrum of estuary types being studied, and an array of 
computer programs for analysis of these data were developed and 
tested. en the basis of this background, 48 systems were sampled at 
less frequent intervals in the third year of study. In practice only 
46 were sampled satisfactorily because two systems (the Vungu in 
excess of 30 m deep, and the Zolwane floored entirely by rocks) proved 
to be unworkable. 
Much time was spent in choosing the sampling qear suitable for the 
task at hand'. Every system considered as stressed by Green (1979) h~ 
its inherent limitations. The final choice of a beam trawl was made 
because it was operable by a single person and because preliminary 
sampling to evaluate the method proved adequate for the purposes of 
this study. The net was found to capture a surprisingly wide spectrum 
of animals ranging from nektonic to benthic forms, and included even 
those that tend to bury themselves in the substratum. It was 
recognised that a beam trawl was essentially a technique for sampling 
demersal species and consequently surface dwelling organisms would be 
undersampled. This bias in trawl susceptibility was not regarded as a 
serious disadvantage because it would be consistent throughout the 
survey and because estuaries are' "a system in which control by the 
bottom materials is the dominant influence" (Hedgpeth ,1967) . 
The feasibility of sampling at night as well as during the day was 
given due consideration (Table 6) because of likely diurnal variations 
in species presence and abundance. However to undertake night 
sampling, assistance was essential and it was decided not to become 
over-concerned about this aspect because one of the objectives of the 
study was to develop a technique which could be used as a routine for 
characterizing _ estuaries (Chap.S). If the requirement of night 
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sampling was made essential the wider application of the technique 
would be considerably reduced. 
Oonsidering the dynamic nature of an estuary, and in anticipation 
of gathering a large amount of abiotic and biotic data from each of 
the study areas, the need to develop a computerized data bank became 
essential. This approach became reinforced after reviewing the 
subject of Natal's estuaries in 1978 , as this experience highlighted 
the limitations of collecting data in an inconsistent manner, largely 
because of differences in the sampling techniques employed by each 
researcher. This made the meaningful comparison of data extremely 
difficult and emphasized the necessity to gather comparable data 
comprising a computerized suite of standard variables from each 
estuary. For the same reason, multivariate methods of analysis became 
imperative. Multivariate analysis enables easy summarization of the 
data, effective communication of the results and insight into the 
structure of community data (Gauch,1982). Tbday there are several 
such techniques available such as cluster analysis, o~ination and 
gradient analysis. Cluster analysis allows the researcher to reveal 
patterns of hierarchical similarity among heterogeneous data sets, 
whereas ordination is a technique which provides a most useful insight 
into the underlying structure of the data and of inter-relationships 
between samples. The major directions of variation correspond to 
identifiable environmental gradients and a technique which greatly 
facilitates the detection of such trends is gradient analysis. The 
use of techniques such as these was seen as an objective means by 
which the null hypothesis (i.e. not all estuaries in Natal perform the 
same ecological function) could be tested as well as be a means of 
distinguishing , for example, environmentally stressed estuaries from 
unstressed estuaries or estuaries from 'lagoons'; or identifying 
those factors that adversely affect the functioning of estuarine 
environments in general. 
The study is considered to be distinctly user-orientated because 
the classification envisaged should provide management with a rational 
basis for distinguishing between specified types of estuaries for 
planning purposes. It would also facilitate decisions regarding 
permissible uses of estuary surrounds depending on their type. It 
would illustrate which of the estuaries should possibly be set aside 
for conservation and help to clarify what research needs to be 
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directed at obtaining a better understanding of each estuary type. 
Over and above these benefits, another important advantage to be 
derived from the analysis of community data was the possibility of 
predicting the reaction of estuaries to perturbation, and determining 
at any future date changes in the character of an estuary subsequent , 
to this baseline study. SUch changes in character could be used for 
eXCl'llple as a warning system of damage by pollution or some other 
environmental change. 
To s\l1V1larize, the objectives of the present study therefore were 
o to determine by means of a beam trawl the degree to which 
Natal's smaller estuaries and lagoons are being utilized by 
marine species; 
o to provide a basis . upon which the future condi tion of 
estuarine systems in Natal can be measured, and 
o to provide a classification of these systems based primarily 
on their biological attributes. 
The information set out in this Chapter provides the background 
for the present study and the reasons why the approach taken was 
adopted. In Otapter 2 the methods used for the study are presented in 
greater detail. A synthesis of the results is contained in Chapter 3 
because the details of each of the 62 estuaries studied are presented 
as an Appendix to this thesis, specifically written to serve simul-
taneously as a supplement to NrRP Report Vol.4l (Begg,l978). In 
Chapter 4 the data in the Appendix are used to produce a classifica-
tion of the systems studied, and this is verified in an objective 
manner using multivariate data analysis. The reason for differentia-
ting between estuaries and 'lagoons' is also stressed,and the environ-
mental factors that account for the relationships evident in Chapter 4 
are examined. In Chapter 5 an attempt is made to characterize 
selected systems by determining what variation in community structure 
occurred during the study period, as well as to characterize different 
sites within them because of spatial differences in community 
structure. The prospects of building a similar data base for every 
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system in Natal are also considered. In Chapter 6 the study is drawn 
to its logical conclusion by re-examining the present day manner in 
which Natal's smaller estuaries and lagoons are utilized by marine, 
estuarine and freshwater organisms. This is achieved by assessing 
topics such as species richness, the relative number of resident 
versus non-resident species present in each system and indicator 
species. Emphasis is given to the value of estuarine classification 
to management and to sedimentation as the most serious single threat 
to the future welfare of these ecosystems • Attention is also drawn to 
MAN as an estuarine dependent species, and common misconceptions of 





2.1 stldy area selection 
The Province of Natal is situated on the east coast of South 
Africa and its coastline extends 570 km between the border of 
M:>zambique, in the north, and the border of the Transkei in the south 
(Frontispiece). Although the coastline is relatively straight, it is 
interrupted by 73 estuaries of varying sizes (8egg,1978) which 
contrast markedly to those in Mozambique (DaY,1974; de Freitas,1980) 
and those in the Transkei (Blaber et al.,1974; Wooldridge,1976; Branch 
and Grindley, 1979) largely because of different geomorphological 
influences, a different climatic regime and the different character of 
the contributing watersheds. 
The Tugela River forms a natural divide between southern and 
northern Natal. On the coast the area north of the Tugela is 
dominated by the Zululand coastal plain (Maud,1961; King,1972; 
Orme,l974), a tropical climate and a tropical fauna and flora 
(Bruton,1980), strongly influenced by the warm southward flowing 
Agulhas CUrrent. Within this area are the largest and the best 
studied of Natal's estuaries (8egg,1978). 
South of the 'l\lgela the topography becomes steeper, wi th a 
consequent increase in the number of rivers draining smaller 
catchments in which precipitation, streamflow and land use patterns 
are different. Within this area are 62 small, poorly studied 
estuaries, selected to form the focus of this study (Fig.l). On 
average their frequency of occurrence is one estuary per 3,9 km of 
coast. In total (excluding Durban Bay) they occupy 650 ha, i.e. only 
1,6% of the total extent of what could be considered as estuarine 
waters in Natal. 
During the first two years of study 14 systems were chosen to form 
the basic framework of a classification scheme in which any system 
studied thereafter could be incorporated. The criteria used to make 
this selection were based on geographical, logistical and 
environmental considerations. 
IrLtA 
The systems were dived equally so that seven of them lay to the 
north of Durban ( Zinkwasi ~ Mhlali, Tongati, Mjloti, Mhlanqa, M;Jeni and 
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Durban Bay) and seven lay to the south of Durban (Manzimtoti , Li ttle 
Manzimtoti, Lovu, Msimbazi, uM:}ababa, r.t<omazi and Mahlonqwa). All of 
them were chosen to lie within 100 km of the city, to reduce the costs 
and time spent in travel. Moreover, they varied in environmental 
condition from good, to fair, to poor (Table 1) and exhibited 
consider~le variation in terms of size, mouth condition, salinity, 
vegetation and the extent to which man-induced or natural perturbation 
was evident (Table 2). 
In the third year of study the remaining 48 systems, lying further 
afield, were studied. Travel time was reduced by staying in the field 
for periods ranging from 3-10 days. 
2.2 Field procedure 
2.2.1 Selection of sampling sites 
The value of backwaters and marginal areas for the support 
of juvenile organisms in an estuary has been demonstated by de Freitas 
(1980) and Blaber (1980). Accordingly, a deliberate effort was made 
to obtain samples from such localities, to try and sample the same 
site at each visit and to spread the sampling effort from the lower to 
the uppermost reaches of the system. In practice, fluctuation in 
water level created difficulties and forced the exact location of 
trawls to become variable so, 
stations could not be used. 
under the circumstances, fixed sampling 
I-bwever, it should be noted that in 
relation to water level the same general area was sampled on every 
occasion. 
In open estuaries, tidal influences and the nature of the mouth 
dominate the level to which water rises or falls within the system, 
whereas in closed systems the water level gradually rises and falls 
over a period of weeks or months behind a sandbar that separates the 
lagoon from the sea. Very little information is available to quantify 
the magnitude of these changes, but from the data available (see 
Appendix) a range in the vicinity of 2 m is considered normal. Perco-
lation of water through the bar does occur, but the water level drops 
dramatically once the mouth opens after a heavy rainstorm (Plate 1). 
The mouth may also be opened (or breached) artificially. 
On occasions, factors other than water level influenced the choice 
of sampling sites. For example where noticeable signs of life became 
evident (such as the movement of fish visible on the surface; or the 
Table 1. Environmen ta l criteria us ed for the selection of 14 
s ystems to form Lhe busis of a classjfjca t ion s cheme. 
ENVIRONMENTAL CONDITION* 
Estuary ty pe* GOOD FAIR POOR 
Lagoon Mh langa Zinkwasi Tongati 
Msimbazi Mhlali Manzimtoti 





Embayment Durban Bay 
TOTAL 4 7 3 








Table 2. Variation in the environmental character of the 14 sys t ems 
selected for st~dy in the first two years. This information 
is based on a review of available data (Begg, 1978 ) , periodic 





Salinity peripheral evidence of 
* ** vegetation ~erturbation 
Zinkwasi 19 3 2 Phragmites Heavy siltation 
Mhlali 21 3 4 Hibiscus &. Cane encroachment 
Sporobolus 
Tongati 8 2 3 Eichhornia Industrial/sewage 
pollution 
Mdloti 14 3 4 Phragmites Artificial 
breaching 
Mhlanga 11 4 4 Phragmi tes &. Comparatively 
Potamogeton free 
Mgeni 4 8 1 2 Avicennia Sewage pollution 
Durban Bayhead 73 1 1 absent Harbour develop-
ment 
Manzimtoti 7 3 4 Phragmites Urban development 
Li ttle Manzimtoti 1 3 4 Eichhornia Sewage pollution 
Lovu 10 2 3 Phragmites Periodic indus-
trial pollution 
Ms imbazi 13 4 3 Juncus Bridge construc-
tion 
uMgababa 18 3 3 Juncus &. Bridge construc-
Zostera tion 
Mkorn az i 38 1 2 Phragmites Flood prone/ 
&. Hibiscus heavy siltation 
Mahlon gwa 6 3 3 Phragmites Comparatively 
&. Bruguiera free 
* Mo ut h c ond itio ~ : 1 perm a nently open 
2 c l os e d ro r le ss than 50% of the year 
3 " " more " 50% " " " 
4 " " " " 80% " " " 
** Sa l i nit y : 1 > 30%u 
2 15-30%0 
3 5-15%0 
4 < 5%0 
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skipping of prawns disturbed by the boat; or the sight of herons 
actively pursuing fish in the shallows) samples were deliberately 
taken from these localities as well. 
Plate 1. The effect of a sudden water level "drop in the 
Mdloti Lagoon following artificial breaching of 
the sandbar. This illustrates the impracticality 
of having fixed sampling stations. 
Tb accommodate the variation in sampling sites, a grid system was 
designed to superimpose over a map of each study area, thus enabling 
any site within that system to be identified by. cross referencing. 
The area covered by each square of the grid varied enormously from one 
study area to the next because the size and scale of each estuary 
mapped differed. 
No more than ten samples were taken on anyone visit. At times 
less than ten samples were taken (Table 3), mainly on account of the 
size of the system, but also because of physical limitations such as 
floods, water level fluctuations, hyacinth infestation, sedimentation 
or even equipment failure. 
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Table 3 Varia t io" in the number of samples per trip per system, and overall 
T R I P TOTAL NQ 
SYSTEM of 
1 2 4 5 6 7 6 9 10 11 12 13 14 15 16 17 16 19 20 21 22 SAMPLES 
Zinkwasi 7 6 7 7 7 7 7 9 6 6 9 9 9 7 8 117 
Nonoti 6 6 6 18 
Md10tane 7 6 5 18 
Mv uti 5 5 5 15 
Set(lni 3 4 5 12 
Mh1ali 8 8 9 6 e 7 0 56 
Tongati 6 5 5 4 5 3 4 4 4 3 4 4 7 7 6 11 
Md10ti 6 8 9 7 7 6 7 7 6 8 7 6 7 7 7 107 
Mh1ang a 7 6 9 7 7 7 7 52 
Mgeni 7 9 10 9 10 9 9 10 9 10 9 10 10 10 10 10 10 9 6 B 8 6 202 
Durban Bayhead 7 6 8 7 7 7 7 51 
Sipingo 3 7 6 6 24 
Mbokodwen i 5 5 4 14 
Manzimtoti 5 6 6 6 6 6 6 5 6 6 6 .1 6 6 6 86 
Little Manzimtoti 6 5 6 5 5 5 5 37 
Lovu 6 7 7 7 6 6 7 46 
Msimbazi 6 10 9 9 6 9 8 6 U B e 6 8 6 6 123 
uMgababa 9 10 6 6 8 7 8 58 
Ngane 5 5 4 14 
~I komazi 6 7 6 5 4 3 6 6 6 7 6 6 5 6 6 4 3 7 7 6 7 7 132 
Mah10ngwan a 7 -r 6 20 
Mahlongwa 7 7 6 6 6 6 7 6 7 7 6 7 6 7 91 
Mpambanyoni ~ 6 5 15 
Mzimayi 2 4 4 4 14 
Mzinto 6 7 7 7 27 
Mkumbane 4 4 4 12 
Sezela 6 5 4 15 
Mdesingane 4 4 4 12 
rafa 8 7 8 23 
Mvuzi 5 4 4 13 
Mtw"lume 7 6 7 20 
Mnamfu 5 4 5 14 
KWB Makosi 5 4 5 14 
Mfazazana 5 4 4 13 
r~hlungwa 6 6 6 - 16 
Mh1abatshane 5 5 5 - 15 
Mzumbe 5 4 5 - 14 
iNtshambil i 6 5 5 - 16 
Koshwana 5 4 4 13 
Damba 4 4 5 - 13 
Mhlangamkulu 6 6 6 18 
Mtentloleni il 6 6 .;. 20 
Mzimkulu 7 7 7 - 21 
Mbango 7 5 5 17 
Boboyi 4 4 4 12 
Zotsha 6 7 7 22 
Mhlan geni 5 5 5 - 15 
VungtJ 1 2 1 - 4 
Kongweni 6 5 5 17 
Uvuzana 5 4 4 13 
Bi1anh1010 5 5 5 15 
Mvutshini 4 4 4 12 
Mbizan"a 5 6 6 17 
Kaba 5 5 5 15 
UIOh1anganku1u 6 6 6 16 
Mpenjati 7 6 7 - 20 
Kandandlov u 5 5 15 
Tongazi -1 3 Ie 
Ku-lJoboyi 5 5 15 
S.1nd1und1u ~J 5 6 16 
Zo1wllnll 1 1 1 3 
~1t.';l1\vuna 
(1)1 
l) 5 5 19 
TOTAL 1979 
1 7 
2.2.2 Design of data collection forms 
Data sheets were designed to be computer compatible. A map 
on the back of each sheet enabled the location and direction of each 
trawl track to be traced. 
2.2. 3 Sanpling frequency 
The study commenced in September 1979 so as to coincide 
with the major recruitment period for estuarine-dependent fish in 
Natal (Wallace & van der Elst,1975). 
During the first year eight systems were sampled once a month to 
determine what sort of temporal variation between each sampling 
interval was apparent. 
During the second year of fieldwork an effort was made to sample 
the two most potentially changeable systems (namely the Mkomazi and 
the Mgeni) at the same frequency. The remaining six systems were re-
sampled every three months as spot checks, and an additional six 
systems were incorporated into the survey to increase the diversity of 
the estuaries being studied. These were sampled monthly, other than 
on those occasions when the original systems (referred to above) were 
re-sampled. 
During 1982, the third year of study, as much time as possible was 
devoted to the sampling of 48 systems, so that each had been sampled 
at least three times before the end of the year. This meant that each 
system was sampled at approximately quarterly intervals. 
2.2.4 Sampling gear 
A 2,5 m long fibreglass boat (weighing 35 kg) equipped with 
a 2,5 horsepower Seagull (weighing 17 kg) was used as a means of 
transport within each estuary. 
A 1 m wide beam trawl (Fig.2) was built, similar to that used by 
Staples and Vance (1979) and de Freitas (1980). The net was of 25 mm 
stretched mesh and the bag had an outer lining of 12 mm stretched 
mesh. In the case of manual hauls, the net travelled 2 m behind the 
operator, whilst in the case of powered hauls, the net travelled 10 m 
behind the boat. The establishment of the exact distance trawled has 
always created difficulties (Gunter ,1957; Carney & CareY,l980), and 
so the duration of the haul was timed to the nearest 0,25 minute by 
means of a stopwatch, in order to relativize the data (as catch per 








\ I , 
a frame of 25 mm square galvanized steel tubing. 
b sledge of 2 mm thick flat iron, 500 mm long X 75 mm wide. 
C headrope with 5 small floats. 
d tickler chain with a link size of 25 mm. 
e 2 m long bridle. 
f B m long warp. 
9 25 mm stretched mesh webbing. 
h bag of 12 mm stretched mesh over 25 mm webbing. 
drawstrings 
Fig.2. Deta i ls of the beam trawl used for sampling. 
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In practice the net demonstrated that samples could be obtained 
from a great variety of habitats. For example, it could be drawn over 
thick mud, in deep areas immediately alongside the edge of densely 
vegetated banks, over submerged vegetation or up narrow creeks. The 
net also showed satisfactory replicability (percentage similarity of 
62,8%) when trawled over the same pitch on consecutive occasions 
(Table 4 ) despi te disturbance ahead of the net, and that in the 
multivariate analysis of communities sample heterogeneity is 
unavoidable (Gauch,1982). 
After a few months it became apparent that water depth had a 
marked influence on the catch (Table 5). This result was attributed 
to three factors: 
a) concentration of the biota at low water; 
b) increased vulnerability of the biota at low water by 
minimizing escape possibilities; 
c) at low water both pelagic and demersal species become 
trawl susceptible. 
Exactly the converse occurred at high water. This significant 
result implied that there was an optimal time for sampling an estuary 
by means of a beam trawl, and imposed additional statistical 
( 
limitations when estimating species abundances between estuaries. 
Throughout the study however, a concerted effort was made to sample at 
low water in preference to any other condition (Fig.6). 
Diurnal variation in species composition was tested on one 
occasion in the Mdloti Lagoon (Table 6), and the percentage similarity 
between samples was shown to average 70,7%. 
Experience also showed that the net could not be operated 
successfully when swiftly flowing water was encountered (e.g. during 
floods) when the substratum became too soft or overgrown by filamen-
tous algae such as Chaetomorpha. 
Wherever trawls were located, water samples were taken for the 
purpose of measuring certain physico-chemical characteristics (see 
below) . The apparatus used was a simple but most effective sampling 
bottle designed locally by Rich Engineering (Pty) Ltd (Fig.3). This 
comprised a copper jacketed cylinder (volume 875 ml) at both ends of 
which were semicircular valves. These automatically opened as the 
bottle was being lowered and automatically closed as the bottle was 
raised. In this way water could be taken from any desired depth by 
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Table 4. Variation in species composition between six consecutive 
four-minute trawls over the same pitch in the Manzimtoti 
Lagoon (9.10.1979). The number of each species caught 
are in brackets. 
Number of individuals 
Trawl 
Meta~enaeus oreochromis Gilchriste lla Glossogobius 
N° monoceros mossambicus aestuarius giurus 
1 + (7) + ( 1) +" (4 ) -
2 + ( 5) + (2) - -
3 + (1) + ( 1) + (4 ) -
4 - + (5 ) - -
5 + (9 ) - - + ( 1) 
6 + ( 5) + (2) + (2 ) -
Percentage similarity between samples (x 62,8%) determined by the 
coefficient of community (ee) equation: 
ee ok = 2005c 
J 5j + 5k 
5j and 5k are the number of species in samples j + k, 5c the number 
of species in common. 
5ample 1 2 3 4 5 6 
1 Q#1111~llt 1~/!BIIIJ ~$##!I#JJt rJIIII##I#t. WII!llllllllf d##!III#it: 
2 8
0 fN#I$#I] PIUNII#11t lNIIIIUN] ijlll!llllllllt JIBJUUI!i 
3 100 
8
0 W/#III!N!ff.111!$#!#& JI#!III////i YiN/!I/N!; 
4 50 55 50 ijl!!N#!UIt tIN/IIUI//h J~!#$ffJ 
5 40 66 40 o lUI//IN/#h jIN!~U% 
6 100 80 100 50 
Table 5. Data from the Mdloti lagoon, illustrating the 
influence of water depth on catchability. 
Low water High water 
Number of samples 30 40 
Net effort (minutes) 39 126,75 
Total number of species 29 24 
Tot a l number of specimens 4265 265 
Catch per hour 6561,54 125,44 
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Ta ble 6. Varia ti on i n species composition by nig ht a nd by day for the same duration of haul over the same 
trawl tra ck i n the Mdloti La goon ( 1 9 November 1979 ) . Th e number o f each species caught are in 
b racke t s . 
Grid Ref. 2316 2412 2013 1506 1211 
SPEC IES Duration of 2,25 2 4 2 4 
trawl (min) 
Time of day Day Night Day Night Day Night Day Night Day Nig ht 
Solea bleekeri + ( 1 ) 
Ambassis natalensis + ( 1) 
Pomadas~s commerson ni + (1 ) + ( 22) + ( 1 , +( 12) 
Rhabdosargus sarba + (1 ) 
Li za macroleEis + ( 1 ) 
01igoleEisacu tiEennis + ( 1 5) + ( 9 ) +( 14 ) + ( 8) + ( 1 ) + ( 1) 
Oreochromis mossambi c us + (7) + ( 12) + ( 4 ) + (6 ) 
Penaeus jaEonicus + ( 2) + (1) 
Metaeenaeus monoceros + ( 5 ) + ( 3 ) + ( 1) + ( 1) + ( 4 ) + ( 1 ) + ( 3 ) 
Sesarma catentata + ( 3 ) + ( 1 ) 
Varuna litterata + ( 1 ) + ( 1 ) + ( 2 ) 
Sc~11a serrata + ( 1) + (1 ) 
Total number of species in common 4 4 3 1 1 
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Fig . 3. Details of the water sa~ pler used through out the s t udy period 
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operating a hand-held graduated line from the surface. 
Samples of the substratum were obtained either by hand or by means 
of a coring device (Fig.4). 
2.2.5 Field measurements 
At each sampling site the following environmental informa-
tion was obtained. Depth was measured by lowering one or more 
graduated drain cleaning rods to the bottom of the estuary. TI1e 
Winkler technique was used for oxygen determinations (surface and 
bottom). Salinity (surface and bottom) was measured by means of a 
hand-held, temperature compensated, refractometer (manufactured by 
A.O. Goldberg, Model 10423). Wnter temperature (surface and bottom) 
was read from a thermometer mounted inside the water sampler (Fig.3). 
Water transparency was measured by means of a 20 em diameter Secchi 
disc, divided into black and white quadrants. 
A visual and tactile method of evaluating the nature of the 
substratum was developed (Table 7) as well as a similarly simple 
system to evaluate the nature of the influential vegetation in the 
area of the trawl track (Table 8). A textural classification of 30 
samples of the more commonly encountered substrata was conducted so as 
to relate to the standard techniques used by estuarine workers 
elsewhere in the country (Table 7 and Fig.S). 
All the environmental parameters measured, as well as the 'state' 
of an estuary (Fig.6), are reqarded as the principal abiotic factors 
likely to affect the kind and abundance of animals occurring there 
(Day,1967; Blaber & Blaber, 1980) despite the fact that an essential 
prerequisite for estuarine animals seems to be the ability to tolerate 
extreme variations in factors of this nature (Day,198l; Whitfield et 
a1. ,1981 : Schwartz, 1981 ) . Because of the sampling technique cdopted 
(namely trawling), the characteristics of the bottom water were 
naturally 
caUqht. 
the most relevant in terms of relating these to the species 
Surface readings (where different) provided insight into the 
degree of stratification in the water body and were useful for estuary 
classification purposes. 
The variability of the environmental parameters recorded during 
the course of trawling was examined by measuring each parameter 
immediately before commencing and immediately after terminating each 
trawl in eight study areas. In all, 54 sampling sites were double 
checked in this way (Table 9). The results were subjected to a paired 
PVC collar to 
permit detach-
ment of corer. 
PVC tubin g 
(0. D. 5B mm) 
1----- drain c lea ning rod 
blow ho les t o 
prev erJt vac uum 
~-~---drain hole f or water 
core (in sit u) 
cutti ng 
Fig. 4 . Details of the coring device man ufactured to obtain a 















A system devised for classification of the subslratL'III in the area of the trawl truck. This was achieved by 
vi sual and tactile means whilst crushing a semple of the substratum underwater. The results of particle size 
analysis for the more commonly encountered substratum types are included. Significant shifts in the mean 
values are underlined. 
Particle Size Analysis 
Designation,according to visual 
" sand and tactile assessment lr!.~ oril)in " day " silt O,02-0,1910,2U-II,4110 42-0 "101 n, 71- J 'j " ::> 1 4 lTotAl 
Large stones & ro cks I I I I I 
(often immovable) '). Nol attempted 
Small stones & pebbles 
A silt-frae, coarse sandy Mhlangeni 1,5 4,0 1,8 11,4 15,8 23, 9 41,7 94.5 
material Mtentweni 6,5 D,S 0,2 0,4 1,3 6.1 85,0 93, 0 
Mkumbane 6,5 D,S 1,0 7,7 9,3 14,J 60,3 93,0 
Mhlengemkulu 7,0 0,0 1,4 1,4 8,5 13,8 61,9 93, 0 
Mean 5,4 1,0 1,1 6,7 8,7 14,6 Ed 93,4 
A silt-free, fine sandy Mfazilla na 8,0 4,0 19,9 56,6 W,O 1,3 0 ,3 66,a 
material fafe 2,5 2,5 0,0 0,2 9,0 71,4 14,5 95,0 
Mvuzi 3,0 2,5 2, 8 16,8 24,8 39, 0 11, -( 94, 5 
Mhlul1gwa I,D 1,5 0,1 1,3 13,7 66,1 16,4 97,S 
Mkuml:lane 2,5 2,0 10 ,4 13,3 42,9 35, 6 3,0 95,S 
Mean 3,4 2,5 6,6 17,6 20,1 42,7 9,2 94,1 
A sandy mete rial noticeably Mdesingane 13,0 2,5 10,3 25,4 26,S 18,4 1,9 64,S 
Jiscoloured by mud Kwa-Makosi 7,0 2,0 18,1 32,3 16,4 20,3 4,0 91,0 
fafa 8,5 0,0 6,6 47,0 25,3 10,9 1,5 91,5 
Mhlungwa 9,5 2,0 24,9 25,4 13,4 12,7 12.,1 66,5 
Mkumbane 10,0 0,0 5,6 19,6 21,4 28,S 14,9 90,0 
Mtwslume 9,0 6,5 13,6 32,6 16,8 12,7 4,6 82,5 
Mean hl 2,5 13,2 30,4 20,6 17,2 6,5 88,0 
A muddy material with Fefe 14,0 3,0 57,0 11,1 5,1 8,0 1,7 63,0 
traces of fine sand Mhlangamkulu 15,0 4,0 40,7 19,3 6,6 6,7 3,7 81,0 
Boboyi 16,0 3,5 13,6 28,4 24,7 11,2 0,6 78,5 
Mzumbe 30,S 11,5 39,9 10,9 5,0 1,9 0,4 58,0 
Bilanhlolo 31,S 20,S 39,9 2,9 2,3 1,1 1,6 48,0 
Mh1angeni 16,0 11,0 30,S 12, B 10,3 17,2 2,3 73,0 
Mean 20,8 8,9 l§....2. 14,2 9,3 8,0 1,75 70,3 
A muddy material without Boboyi 37,S 13,5 40,1 5,5 1,6 0,9 1,0 49,0 
traces of sand Mzimkulu 55,S 36,S 7,1 0,2 0,3 0,2 0,2 8,0 
Mtwalume 44,S 19,0 35,4 0,6 0,2 0,2 0,1 36,S 
Mdesingana 48,0 32,0 19,2 0,4 0,2 0,1 0,1 20,0 
Mean 46,4 25,2 25,4 1,7 0,6 0,3 0,3 2B,4 
Silt of a stiff and Mzumbe 55,S 36,S 12,3 0,2 0,1 0,1 0,4 13,0 
tenacious nature fefa 35,0 16,0 47,B D,S 0,2 C,2 0,3 49,0 
Mtwalume 35,S 14,5 46,9 1,3 0,7 0,5 0,5 50,0 
Mean 42,0 22,3 35,6 0,6 0,3 0,2 C,4 37, 3 
fine black ooze generally Sezela 33,0 IB,O 34,0 4,3 2,5 3,2 5,0 49,0 
smelling of hydrogen sulphide Mvuzi 35,0 4,0 36,3 16,8 3,9 2,4 1,6 61,0 
Mean 34,0 11,0 35,1 10,0 3,2 2,8 3,3 55,0 
ilt-cappad Sand overlain by a few , 
and centimetres of silt 
and-capped Silt overlain by a few 
ilt centimetres of sand 
19a1 turf Any of the above eubstretes i 
that become smothered by Not attempted 
filamentous algae 
acrophytic Any of the above substrates 
ebris that become smothered by 
debris (such as leaf litter) 










Table B. Simplified method of classifying by sight the nature 
of the influential vegetation in the area of the trawl 
track. 
VEGETATION TYPE TYPICAL EXAMPLES 
Barren (devoid of vegetation) along the edge of a sandbar 
Filamentous algae Chaetomorpha 
Submerged macrophytes Potamogeton; Zostera; Ruppia 
Reeds Phragmites 
Grasses Sporobolus; Stenotaphrum 
Sedges Juncus; Scirpus 
Lagoonal trees Hibiscus; Barringtonia 
Estuarine trees Avicennia; Bruguiera 
Coastal trees Casuarina; Mimusops 
Riverine trees Ficus; Voacanga 
Infestant macrophytes Eichhornia 
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Schematic representation of the twelve principal 
hydrological events affecting the environmental 
character of the systems studied. Each of 
these were regarded as a different 'state' and 
































































'robabili ty P 
30 
Variability of environmental data et the start and finish of 54 trawl tracks. Values underlined 
are significantly different at a 95% level of confidence. Dashes (-) under Secc hi imply water 
transparency was in excess of the depth indicated 
DEPTH (cm) DISSOLVED OXYGEN (mg/l) SALINITY (%. ) TEMPERATURE ( ·C) SECCHI (em ) 
Surface Bottom Surface Bottom Surface Bottom 
start finish start f inish start finish start finish start finish start fin i sh start finish start finis h 
85 65 4.6 4.4 6.3 6.0 6 10 32 30 20.4 20.5 22.3 22.2 65 50 
90 105 3,9 4,2 4, 4 4,0 14 10 30 30 21.8 20,4 22,4 22,1 40 35 
160 140 4,0 4,1 4,4 5,1 Ii 6 29 30 20,8 20,0 22,1 22,0 30 3D 
70 60 4,5 4,6 5,1 5,3 10 10 28 28 22,1 22,0 22,6 22,6 45 ~ ~ 
55 50 5,8 5,3 5,0 5,1 15 15 28 25 23,7 23,7 23,3 23,1 40 40 
100 20 5.3 5,2 5,0 5,2 14 14 21 14 23,1 23,1 23, 0 23,1 - -
10 0 9,1 9.3 9.1 9,3 5 5 5 5 25,0 2S,2 25,0 25,2 - -
25 0 7,5 7,1 -r ,5 7,1 22 22 22 22 24,3 24,3 24 ,3 2':,3 - -
30 30 5,2 5,2 5,2 5,2 12 12 12 12 22,7 22,7 22,7 22,7 - -
80 95 5,2 5,2 5,2 5,0 10 10 12 16 22,5 22,7 22,4 22,5 40 40 
175 140 6,3 7,0 6,1 7,0 2 2 2 2 21,7 21,9 21,0 21,3 145 12G 
170 190 7,1 7,2 7,1 6,8 2 2 2 2 21,5 21,6 21,3 21,1 I 
90 95 
290 160 7,0 7,2 6,6 7,0 2 2 2 2 21,3 21,4 20,9 21,0 , 90 90 
200 175 4,9 5,1 6,2 6,2 2 2 2 2 22,6 21,8 21,2 21,0 125 110 
120 70 4,2 4,0 3,9 4,0 2 2 2 2 23,2 23,5 22, 9 23,0 - -
185 170 4,7 5,0 4,6 4,6 2 2 2 2 23,0 23,1 22,6 22,5 105 10C 
210 180 6,9 7,3 7,0 7,1 1 1 1 1 22,8 22,8 22,2 22.5 110 1<] 0 
105 90 7,7 7,6 7,5 7,6 13 13 13 13 20,0 20,0 19,5 19,6 - -
60 0 8,2 8,3 8,0 8,3 14 14 14 14 20,0 20,5 19,8 20 ,5 - -
70 ,-60 8,0 7,8 6,8 7,3 14 14 14 14 21,0 21,0 20, 6 20,7 - -
55 50 6,2 7,3 5.9 6,9 14 14 14 14 21,4 21,1 20,6 20,7 - -
100 85 8.3 8,1 8,4 8,3 15 15 15 14 21,1 21,2 20,7 20,6 70 60 
110 95 8,0 7,8 7,2 7,3 13 13 13 13 22,0 22,1 21,6 21,6 50 65 
215 140 6,8 7,4 6,0 7 ,1 12 12 12 12 22,2 22,1 20,1 21,6 105 100 
10 0 7,8 8,0 7,8 8,0 12 12 12 12 24,6 24,7 24,6 24,7 - -
250 195 5,8 6,0 0,7 1,1 10 10 29 25 20,3 20,4 24, 4 24,0 85 63 
25 0 7,3 7,3 7,3 7,3 10 10 10 10 20,9 20,9 20,9 20,9 - -
40 0 6,6 7,0 6,8 7,0 10 10 10 10 20,9 21,0 20,9 21,0 - -
140 165 7,0 7,0 3,8 2,9 10 10 24 24 20,9 20,9 22,7 23,1 65 65 
60 0 5,4 5,3 5,1 5,3 27 27 28 27 23,1 23,1 23,0 23,1 - -
130 125 6,3 6,5 5,9 6,1 29 28 28 28 23,3 23,4 23,0 23,0 40 40 
100 110 6,6 6,4 6,4 6,1 28 28 28 28 23,8 23,8 23,1 23,0 45 45 
40 30 7,5 7,3 7,5 7,3 29 29 29 29 23,8 23,8 23,8 23,8 - -
130 110 6,7 6,6 6,1 6,3 28 29 28 28 24,2 24,7 24,0 24,3 50 50 
130 170 6,0 6,2 5,8 5,4 28 28 28 28 24,7 24,8 24,5 24,4 55 EO 
135 145 5,7 5,5 5,3 5,1 28 28 28 28 25,0 25.1 23,8 23,4 70 70 
75 60 7,0 8,0 7,0 7,5 5 6 5 6 23,1 23,0 23,0 23,0 40 40 
55 65 9,2 9,0 9,2 9,0 7 7 7 7 23.9 23,7 23,9 23,7 40 40 
150 110 8,5 8,9 6,3 7.6 5 5 5 5 24,2 24,4 23.4 23,7 40 40 
120 135 8,1 7,8 4,1 5,3 5 5 5 5 25,3 25,0 23,4 23,4 35 35 
70 85 7,8 8,0 7,6 7.6 4 4 4 4 24,5 25,0 24,4 24,5 30 30 
80 65 7,8 7,6 7,5 7,6 0 0 12 10 21,7 21,7 21,9 21,7 
I - -
120 110 7,7 7,5 6,9 7,1 0 0 26 26 21,8 21,8 23,1 23,1 90 90 
10 10 7,8 7,8 7,8 7,8 0 0 0 0 21,6 21.6 21,6 21,6 - -
115 135 8,0 7,6 6,2 6,8 0 0 24 24 21,8 21.6 23,4 23,2 75 75 
160 115 7,9 8,0 7,7 7,5 0 0 20 18 21,8 21,7 23,2 23,[; 75 75 
50 30 5,7 5,9 5,1 5,9 4 4 4 4 22,4 22,1 22,2 22,1 - -
40 0 8,3 8,5 8,3 8,5 26 26 26 26 27,3 27,3 27,3 27,3 - -
125 40 5,4 5,1 5,6 5,6 26 26 26 26 24,3 24,5 23,6 24.3 - -
115 60 4,5 4,1 4,0 2,9 26 26 26 26 24,4 24,2 23,8 2<: ,0 - -
120 120 4,7 4 ,5 4,4 4 ,3 26 26 26 26 24,6 24,6 24,3 24,0 105 90 
115 105 4,2 4,4 3,9 4,0 25 25 25 26 24,6 24,9 24,1 24,0 eo 70 
30 30 4,5 4,5 4,5 4.5 25 25 25 25 25,5 25,5 25,5 25,5 - -
80 55 4,1 3,5 3,0 3,2 24 24 - 24 24 27,0 27,1 26.6 27,0 - -. 
19,17 0,04 0, Itl 0,02 0,28 0,01 0,05 2,19 
31,09 0,33 0.46 0,81 1, 39 0,05 0,30 7.01 
~ 0,92 2.17 0,17 1,47 0,29 1,36 1.63 
< 0,05 >0,05 <0,05 >0,05 >0,05 >0,05 >0,05 > .0,05 
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I t I test to determine the significant difference and showed, with a 
95% degree of confidence , that with the exception of depth (P= < 0 ,05) 
and bottom oxygen (P= < 0 , 05) the measurements . taken at a single point 
of the trawl track are representative of conditions during the trawl. 
The depth differed because of natural variation in the bottom profile, 
and bottom oxygen values probably varied because of biological 
activity in the sediment creating an oxygen demand at the substratum 
interface. 
For the determination of dissolved oxygen (D.O.) in the field, 
Gardner (pers.cOO1ll.) suggested the use of the standard Winkler method 
but without going to the point of using refined equipment normally 
employed in a laboratory. For example: 
a) adding in excess of 2 ml of each Winkler reagent, by 
displacing that volume from the neck of the D.O. bottle 
with the glass stopper; 
b) using a measuring cylinder for the purpose of gauging 
the required volume from the D.O. bottle; and 
c) using a pipette (instead of a burette) for the titration 
itself. 
A comparison of the two techniques was carried out to determine what 
sort of error may result from taking liberties of this nature, and 
discrepancies of 0 ,1 mg/l to 0,2 mg / t were detected. These were 
considered to be insignificant from a biological point of view. 
2.2.6 Specimen recovery am preservation 
On termination of a trawl the contents of the bag were 
placed in a wooden screen (400 mm x 400 mm) with a 4 mm bar stainless 
steel mesh with an aperture size of 3 mm. The contents of the b~ 
were sifted through and, if feasible, all specimens were identified 
and counted in situ so as to prevent needlessly killing the animals. 
If, for a number of reasons, this was not feasible, the specimens were 
transferred into a bucket before being placed in a labelled plastic 
b~ and stored on ice for transport to the laboratory. If analysis of 
the samples was not possible the same day, specimens were kept 
overnight in a deepfreeze. 
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2. 3 Laboratory methods 
2.3.1 Species identification 
Wi th the exception of one crab, every animal was identified 
to species level and the total number of species counted. In the 
knowledge that juvenile organisms are difficult to identify because of 
their size, experts were consul ted and references (Barnard, 1950 ; 
Smith,1935,1938,1959,1965; Day,1969; van der Elst & Wallace,1976; de 
Freitas,1972,1980) were used for the purpose of ensuring accurate 
species identification. However, taxonomic aids for the 
identification of juveniles were found lacking because emphasis has 
been given by most workers to a description of adult characteristics. 
All of the unusual specimens collected, especiall y fishes of the 
family Gobiidae (one of which was new to Africa and another new to 
Southern Africa) were lodged with the J. L. B. Smi th Institute of 
Ichthyology. Al though warned much too late to remedy the problem, and 
in common with other workers, failure to distinguish between 
Oligolepis acutipennis and O. keiensis meant lumping of these two 
species has occurred (M. Smith, pers.comm.). In addition, failure to 
appceciate the existence of a third species of ambassid (Ambassis 
gymnocephalus) has meant confusion with A. productus could have 
occurred in localities such as Durban Bay (Martin, pers.cOl1lll.). 
2.4 Data analysis 
The data collected for this study were stored on a Hewlett Packard 
computer (Model 9825) which facilitated extraction of the data as 
specified subsets of information in the form of basic listings, 
tabulations or graphic displays, for any time (year (s), month (s) or 
season(s», estuary or physico-chemical specification. Certain facets 
of these data were transformed into a punchcard format in order to 
make use of programs for multivariate analysis stored on the Univac 
1100 at the University of Natal and University of cape Tbwn. 
2.4.1 Multivariate data analysis 
In recent years considerable advances have been made with 
the aid of computers in the simultaneous examination of environmental 
variables by multivariate analysis. The purpose of multivariate 
analysis is to provide a means of treating " ..• multivariate data as a 
whole, smmarizing the data and revealing their structure" (Gauch , 
1982). For the purposes of this study, three of the most commonly 
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used methods available to ecologists was used. Each was complementary 
to the other and had the comnon goal of "orqanizinq data for the 
purpose of description, discussion, understanding and the management 
of comnuni ties. " ( Gluch , 1982 ) • Further details of each method are 
provided in Olapter 4 (Sect. 4.2) but are briefly defined below: 
a) ordination 
For the purposes of ordination a computer program known as 
DECORAN~ (DEtrended CORrespondence ANAl ysis ) was used . 
'!his was developed at the Department of Ecology and 
Systematics, Cornell University, by Hill (1979b). 
b) Cluster analysis 
'!he final technique chosen for cluster assignment was 
"ordination space partitioning" having originally been 
developed by Roux and Roux (Gauch,l982: 200). 
c) Grcdient analysis 
For the purposes of examining the influence of various 
environmental variables in the multi-species relationships 
defined by DECORANA, the strategy reconmended by Field et 
al. (1982) was adopted. An overlay technique was used to 
independently examine each environmental variable by super-




AN OVERVIEW OF '!liE RESULTS <DNTAINED IN '!liE APPENDIX 
In 1978 Natal 'lbwn and Regional Planning Report Vo1.41 "'nle 
Estuaries of Natal" was published as an inventory of available 
information on 73 estuaries in the Province and of those factors and 
forces that had been responsible for their degradation (Begg 1978). 
'nlis was followed by a second phase (Nov 1978 - Mar 1979) during which 
the sole objective was to prepare a policy statement (NTRP Report 
Vol.43) which would help eliminate the stresses already imposed upon 
this resource. During the period April 1979 to March 1984, a third 
phase was launched aimed at initiation of the Siyaya Catchment Project 
(an exercise in estuary rehabilitation), filling of the data voids 
purposely identified during Phase 1, and at reassessing the present 
day nursery function of Natal's smaller estuaries. 
'nle Appendix has been written to serve as a supplement to NTRP 
Report Vol.41 in an endeavour to meet the second of these objectives. 
It is aimed at upjating, correcting and improving that edition. 'nle 
report systematically deals with each of 62 poorly studied estuaries 
that lie south of the 'IUgela (Fig. 1) by documenting the information 
collected during the study period; and reviewing any acXli tional 
literature that has since become available. The information content 
of the maps drawn of each estuary has also been improved upon. 
This chapter is an overview of the data presented in the Appendix 
but for the ~poses of this excercise the word 'estuary' will be used 
loosely to describe each of the systems studied. The numbering system 
used in the text (3.1-3.62) refers to the code number given to each 
system in the Appendix, begining with the Zinkwasi (3.1) in the north, 
and ending with the Mtamvuna (3.62) in the south. 
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Size 
Despite the fact that the 'boundaries' that determine the area of 
an estuary are insubstantial, the most striking difference between the 
estuaries studied was their size (Table 10). Within the study area 
were systems as small as the Mkumbane (3.26) which is only 0,3 ha in 
extent and as large as the Mzimkulu (3.43) which is approximately 74 
ha in extent. Although Durban Bay (3.11) was purposely chosen as one 
of the estuary types being studied, only the Bayhead region (73 ha in 
extent) was involved because it was beyond the capabilities of the 
sampling gear being used to work in an expanse of water as large as 
Durban Bay itself. Within the study area, there are also numerous 
estuaries even smaller than the Mkumbane (such as Adam IS Sprui t) , 
which have never been studied, but in keeping with the project 
objectives no attention was given to them because of their miniscule 
proportions. Attention should also be drawn to the fact that in a 
river mouth such as the Mvoti (3.4) there is no landward limit and so 
its area cannot really be defined. 
Mouth condition 
Another striking feature of the estuaries studied was the 
variation which occurred as far as contact with the ocean was 
concerned. Some of the estuaries were permanently open either because 
of protective works at their mouths, such as the breakwaters of Durban 
Bay, or the groyne at the mouth of the r-t;Jeni (3.10); or because of 
discharge characteristics of the river as in the Mkomazi (3.20). 
However, the majority of the estuaries studied experience intermittent 
contact with the sea because of sandbar formation across their mouths. 
This wellknown feature of the Natal coastline (Barnes,l980) is caused 
by the substantial transport of sand by littoral drift,itself 
resulting from the prevailing southeasterly swells. Some of the 
estuaries studied such as the Mahlongwana (3.21), remain closed for 
many years while others experience frequent contact with the sea. 
Opening of the mouth normally occurs after enough rain has fallen to 
create a rise in water level sufficient to breach the bar, although 
breaching can also result from overtopping of the bar by the sea. 
In many cases (as in the Mdloti (3.8», as the system fills, the 
surrounding croplands or properties are flooded, which is not 
















11 Durban 8dyhead 
12 , " (N. arm) 
::;lplnyo (5. arm) 
13 Mbokod 
, (N. am) 
weill (S. arm) 
14 MCIl1zimtoti 




































































The variation in characteristics of an abiotic nature in each of the 62 systems studied. The ddta 
presented are concentr"ated aroum those biophysical facets of estuarine systems thought to ~ 
significant to the pufpose of classification. 
NORMAL 
Mouth Bottom Bottom Water 
Trans-Size comi tion ~~~h Salinity Oxygen 
(ha) 1--,..----1"""""..--r ........ ...-r--+--,-(:..;%~)-*,._h_,(~mg.:.,,/=-R )r---+ ~arency 
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lower the water level. In the Seteni (3.5) however, artificial 
closure of the mouth occurs to prevent exploitation of the fish 
population at a time when they are most vulnerable to netting. 
The geomorphology of the coastline plays an important role in 
determining the estuary mouth position. Rock outcrops and headlands 
provide updrift protection against sand deposition and also affect the 
periodicity and duration of contact with the sea. The presence of 
rock sills beneath the sandbar is also a common feature, as is the 
fact that these sills often regulate the outflow and inflow of water. 
In several instances (for example the Boboyi (3.45)) estuaries appear 
to be 'perched' above sea level with the result that tidal influences 
are non-existent or negligible. 
Depth 
Considerable variation in depth was also noted amongst the 
estuaries studied. Eleven were less than 1,0 m deep (on average) and 
only nine were deeper than 2,5 m. The shallowest of all was the 
Mvoti, averaging approximately 0,35 m due entirely to infilling of the 
estuary basin with sediment. This has resulted in raising of the bed 
level of the system to above sea level, and so tidal exchange cannot 
occur. In contrast the excessive depth of the Vungu Estuary (3.48) 
(estimated by divers to be approximately 40 m deep) proved to be too 
great for a thorough and effective investigation to be undertaken. 
Consequently the deepest estuary studied was the Mtamvuna (3.62) which 
is over 10 m deep in places. 
Salinity 
An enormous range in salinity was also experienced and although it 
can be misleading to use average values (because the range in salinity 
is generally accepted as a more meaningful ecological determinant), 
certain estaries were considerably more saline than others. The most 
saline of all was Durban Bayhead due to its direct exposure to the 
sea, whilst at the opposite end of the scale was the Mvoti, which 
remained totally fresh throughout the study period. Between these 
two extremes was a complete range of oligohaline (N 0,5%_ tON5,0%o ), 
mesohaline ( ..... 5%0 to"'18%o) and polyhaline (N 18%0 to ... 30%o systems. 
Generally speaking those estuaries open to the sea exhibited the 
highest salinity. However, certain closed estuaries such as the 
Zinkwasi (3.1) were extraordinarily saline, whilst others which are 
normally open (such as the Mzumbe (3.37)) remain fresh. 
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Great variation in respect of homogeneity of the water column was 
also experienced (Table 11). Salinity stratification was not 
necessarily confined to open estuaries in which tidal influences 
accounted for vertical layering. Stratification was also regularly 
encountered in closed systems where, due to overtopping of the bar and 
over-protection from the wind (which is the primary mixing mechanism 
in such systems), the salinity of the bottom water was often found to 
be much greater than that at the surface. '!he Mvuzi (3.30) is an 
example of a secluded, closed system in which stratification is 
normally characteristic. 
Dissol ved oxygen 
The amount of dissolved oxygen in the water at both the surface 
and the bottom of each estuary was found to vary primarily as a result 
of pollution. In certain cases industrial contamination accounted for 
estuaries such as the Sezela (3.27) being permanently anaerobic. '!he 
bottom water in the Sipingo (3.12) and Tongati (3.7) were similarly 
affected althotr;1h to a slightly lesser degree. In some closed 
estuaries such as the Mbango (3.44) and Mdlotane (3.3) the - bottom 
water was found to be lacking in oxygen because of poor circulation 
due to protection from the wind and the decomposition of leaf litter, 
both of which are features attributable to the nature of its 
peripheral vegetation. en the whole, however, oxygen stress was 
detectable in only seven of the estuaries studied. At the opposite 
end of the scale, the Mbokodweni (3.13) was oxygen-saturated during 
the day due to sewage enrichment and the photosynthetic activity of 
algae. 
Water transparency 
Natal's estuaries are also wellknown for their turbidity 
(DaY,1981) and yet considerable variation in Secchi disc readings as a 
measure of light penetration was encountered. Generally speaking 
water transparency was reduced in the larger, open estuaries by virtue 
of the fact that they receive large rivers known to carry high silt 
loads. Secchi disc measurements from 30 of the estuaries studied were 
lower than 100 em, whilst in 32 of them this value was normally 
exceeded. In all systems water transparency naturally fell during the 
rainy season whilst the rivers were flowing. '!he converse applied in 
winter, when the water was often sufficiently clear in many of the 
closed systems, for the bottom to be visible. In certain estuaries , 
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Table 11. The variation in mouth condition, water level, salinity and 
water transparency at the deepest point of a typical range 
of estuaries and lagoons .along 44 km of the Natal coastline 
in September 1982. This gives some impression of the 
different nature of each system at a given point in time. 
Day of 
System 
Mouth Water Salinity (%0 ) Transparency 
month condition level T B Secchi (em) 
13 Fafa C N 0 0 80 
13 Mvuzi C N 4 10 90 
14 Mtwalume C N 2 11 * 
14 Mnamfu C N 8 20 * 
15 Mfazazana C N 3 10 115 
15 Kwa-Makosi C H 10 26 * 
22 Mhlungwa C H 0 0 120 
21 Mhlabatshane C H 13 25 i75 
21 Mzumbe C N 1 20 40 
21 iNtshambili C N 0 0 90 
20 Koshwana C N 16 21 * 
20 Damba C H 8 19 * 
27 Mhlangamkulu C N 5 7 160 
27 Mtentweni C H 8 8 155 
28 Mzimkulu 0 N 2 26 45 
28 Mbango C N 2 27 85 
29 Boboyi 0 L 3 3 110 
29 Zotsha C N 8 8 130 
Mouth condition: 0 = open 
C closed 
Water level: H = high 
N = normal 
L = low 
Transparency: * .. bottom visible 
Salinity: T top 
B = bottom 
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such as the Mbokodweni (where high algal densities occurred), the 
Sezela (which is industrially polluted) and the iNtshambili (3.38) 
(which is stained by humic materials), variation in water transparency 
occurred for other reasons. 
Having already emphasized the dynamic nature of estuaries as an 
aquatic environment (Chapter One) it must be emphasized that none of 
the features listed in Table 10 as characteristic, are necessarily 
absolute. The mouth of a normally open estuary can close; or the 
salinity can alter within a few hours in accordance with river flow; 
a clear system can be transformed into a turbid system after a single 
rainstorm, and at the height of the equinoctial spring tide a water 
body of normally low salinity can be considerably increased by 
overtopping of the sandbar. Many changes of this nature were 
noticeable throughout the study period, but are conrnented upon in 
greater detail in the Appendix. 
Substratum ~ 
During the course of the study, variation ' in the nature of the 
substrata underlying each estuary was noted. The most commonly 
encountered condition was for the bottom to be covered by muddy sand 
of fluvial origin (refer to Fig.5 in Sect. 2.2.5 of Chap.2). This 
type of substratum prevailed in 30 of the 62 estuaries stlrlied. In 13 
of the remaining systems a noticeably greater proportion of mud 
occurred together with the sand, whereas silt deposits (containing 
less than 30% sand) occurred in 14 of the estuaries studied. The 
tendency for silt to accumulate in backwater areas and in estuaries 
characterized by a high salinity was noted. This is due in the first 
instance, to the settling out of suspended materials in areas where 
water veloci ties are reduced and in the second instance, to 
flocculation in the presence of sea water. Sludge deposits were 
encountered in five systems and, where present (as in the Sezela and 
Sipingo for example), were generally a direct result of pollution. 
The floor of only two of the estuaries sttxiied (the Zolwane (3.61) and 
Tongazi ( 3.58) were found to be rocky in nature. It was fortunate 
that so few systems had this characteristic because in neither case 
was sampling of the system by means of a beam trawl practical. 
Flora 
The botanical characteristics of each estuary differed, although 
by far the most commonly encountered type of vegetation was reeds 
41 
(Phragmites australis). These plants characterized 55% of the 
estuaries studied. Sedge dominated systems such as the Mpenjati 
(3.56) were far less numerous (5%). '!he trees found alongside each 
estuary varied from true mangroves (Avicennia marina and Bruguiera 
gymnorrhiza) in the f.geni for example, to lagoon hibiscus (Hibiscus 
tiliaceus) in the P-tllabatshane ( 3 • 36 ) , to freshwater m~oves 
(Barringtonia racemosa) in the iNtshambili. In others, such as the 
Mvutshini ( 3 • 52) and Tongazi (3.58) coastal forest grows down to the 
water's edge. Certain systems were dominated by grassses as a 
principal vegetation type. For example, the Nonoti ( 3.2) is 
characterized by antelope grass (Echinochloa pyramidalis) whereas in 
the Mhlali (3.6) swards of vlei grass (Paspalum vaginatum) and buffalo 
grass (Stenotaphrum secundatum) is typical. In none of the estuaries 
studied was subnerged macrophytes dominant, al though wherever these 
plants were found special note was taken of their occurrence. The 
uf.gababa (3.18) was the only estuary surveyed in which eelgrass 
(Zostera capensis) occurred, whilst fennel-leaved pondweed 
(Potamogeton pectinatus) was more cOllul]<m in, 
and the Mhlungwa (3.35). In the Mahlongwana, 
for example, the Nonoti 
thick beds of saw-weed 
(Najas marina) were discovered. A general impression gained during 
the course of the study was that submerged macrophytes seemed to occur 
in those systems where the water level was stable becquse of their 
semi-permanently closed condition. In terms of energy inputs in 
closed systems where macrophytes were absent, filamentous algae 
(Olaetomorpha sp.) seemed to play an important role, especially as 
blooms occurred in winter whilst water transparency was maximal, and 
thereby contributed energy to the system at a time when other sources 
were at a minimum. 
Fauna 
Particular attention was given to assessing the nature of the 
fauna in each of the systems studied, by means of the trawl gear 
described in Chapter 'IWo. In addition, notes were taken of the 
birdlife encountered, and also the molluscs and some of the insects 
caught by trawling, but no effort was made to quantify these results. 
Instead, emphasis was given to the variety of fishes, prawns and crabs 
caught by trawling. 
In all a total of 76,8 hours were spent trawling and a total 


























Table 12 , Re la t ive abundan ce (in catch per minute) of 12 5 t rawl susceptible species fr om 62 estuar i es end lagoons 
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Dasyatis uarnak 0,007 
[loes machnata 0, 006 
Mesaloes cyerinoides 
Gilchristella aestuariuB 2,120 0,356 0,136 0 ,12 4 1,580 0,534 0,319 C,079 0,027 
5toleehorus commersonii O,09C 
Bothus pantherinus 0 ,03 9 0,045 0,003 O,07C 0,012 
501ea bleekeri 0 , 428 1,960 0,062 0,052 0, 067 2,57C O,2B5 
Parae1asusia bi1ineata 0, 003 
S~n9nathus djarong 0, 003 0, 022 0,00£ 
Fistu1sria eet i mbs 0 ,001 
~~Ilion~mu. md r leyi U,OOS 
Terapon jarbua 0 ,144 0 , '(4 4 1,330 0,739 0,119 0 ,042 1,710 
Kuhlia taeniurus 
Lobotes 5urinamenais 0,001 
Eeineehelus andersoni 0,015 0,005 0,012 
Sillaso s ,ihama 0,003 0,043 
Caranx sexfasciatu6 0,053 0,015 0 , 007 0,024 0,033 
C. ignobilis 0, 007 
Trechinotus russellii 0 ,003 
Scomberoides tala 0,001 
5. commersonianus 
Johnius belengsrii O,OlB 
Argyrosomul hololeeidotua 0,022 0,007 0,006 
Upeneus vittatu9 
Dreeane punctate 0,005 
Monodectylus falciformis 0 , 051 0,063 0,045 0 ,007 0 ,021 0,003 
M. srgentsus 0 ,003 0,022 0,025 
leiognlthus eguului 0, 045 0,122 0 , 012 0,286 1,550 
Secutor insidietor 0,025 0,006 
Gsrres eunctatus 0,015 0,006 
G. rape i 0,066 0, 356 0,061 0,007 0,006 0,009 0,049 
G. ecinaces 0,003 
Ambsssis netalensis 0,147 4,820 0,122 1,680 
A. eroductus 0,418 1,450 1,080 1,320 2,250 
but janus fulviflamme 0,012 0,020 0,030 0,007 0, 003 0,025 
l. ar~entimaculatus 0 ,006 0,005 
Pomlldlsys hasta 0,060 0,122 0,007 0,024 : 0,168 
P. meculetus 0,001 
P. multimaculatutn 0,129 0,014 0,022 0,037 
P. commersonni 0 , 295 O,O~3 0,709 0,116 0 ,049 0,030 0,395 0,093 
Plectorhynchus niger 0,001 
Acanthoeasru5 berda 0,021 0,015 0,106 0,687 
Rhabdosarsus holubi 0,277 0 , 126 0,839 0,093 0,172 0,030 0,049 0,016 
R. sarba 0, 066 0,290 0 , 007 0,003 0,012 
Dielodus sargus 
Mugil ceeha Ius 0,2 44 0,868 O,OB3 6,220 0,070 0,119 2,990 
Valamugil cunnesi us 0,2 26 0,442 U, 22B 0,335 1,740 
V. buc hanani O, U93 0 ,419 1,150 2,250 0,006 3,110 
Liza dumer i li 0,015 0,622 0,33 0 0, 006 O,OlB 
L . macr01eeis 0,009 0,099 0,062 O,09B 0,006 1,830 
L. richards oni 0 ,126 0 ,17.7 
My~\Is clI~en5is 1 ,124 
Sph'lraena jello 
0 ,070 0,094 O,01B 0 ,001 
Taeni oides jacksoni 0,012 
Psammogobius knysnae nsis 0 , 988 0,3 58 0 ,003 0,046 0,062 
Glossosobius gjLJrU5 0,750 0,041 U,454 0 , 031 2 ,850 0, 671 0 ,070 0,105 0,177 0,313 0,04 9 
G. biocellatus 0, 003 0,03 8 0,001 
Oli9oleeis acutieenni s 0,51 5 O, OB3 D, 279 1, 980 0,178 G, 72U 2,960 0,024 
Favono9 ob ius reichei 0, 012 0,00-( 0,003 
f, melanobranchus 0,001 
Caffr090bius natalens i s 0 ,003 0 ,007 0,059 0,012 
C. multifasciet us 
[roilie mossembica 0,001 
Redisobius dewaali 0,104 
R. bikolanus 0 , 003 
Perioehthal mus sobrinus 
fleotris fuscs 0 , 039 0,007 0,003 0 ,022 
Bu ll s bu tis 0 ,001 
Pte r oi s volitans U,006 0,007 
Phtyceehllius indicus 0 , 009 0,007 0,016 0,049 
Th~rsoidea mdcrura O, OD 3 0,003 
Le ctori& cornuta 0,006 
Amb l~rhynchates honckenii 0,003 O,OliS 
A rothron immacuJatlis 0,003 0,015 0,029 0,099 
A. hiseidus 0,006 
Antennarius st r i atus 0, 007 
A. oliqosp i las 0,001 
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./ An!ijuilJ a bicolor 0 ,003 
/ Barbu5 natalensis ll , 093 
./ B. v iv iearus 0,155 [1 , Cll5 
Aelocheiliehth~s m~aeosae 0,132 
./Ps Budoe rB n ilabrus ehihnder 0,003 
Oreochromis mossambicus 2,1 '10 0 ,230 O,04 'i 0,899 14,73 0,458 1,59 112,60 0,244 0.040 
'/ Tilaeie rendelli 0,00'( 
v Clarids gsrie(;!inuG Ll, lJ6 2 
/ Mieropterus dolomieu 
r~ACRIJRA (prawns) 
Ueo!ije bia africana 0 ,003 0,053 0,140 
Penaeu5 monodon 0,063 0,030 0,007 O,Oll] 0,006 0,362 0,006 
P. semisulcetus o,om 0,007 0,031 
P. indicus 0,416 15,60 0,010 0,048 0,918 0,012 
P. eanalicLJlatus 0,027 0,106 
P. jaeonicus 0,551 0,396 O,8lD 0,018 0,754 0,303 
Meteeenaeus monoceros 0,825 0,020 0,022 0,380 4,220 0,350 0,541 0,079 4,530 0,251 
Paraeenaeoesis acclivirostris 0,006 
Ceridine tlleus 0,006 0,020 0,028 0,005 
C. nilotica 0,.003 1 ,080 0,444 0,017 0 ,046 
Aleheus crassimanus 0,007 0,012 
Macrobrachium e9uidens O,lH 0,041 5,020 1,070 0,054 0,070 5,290 
M. eetersi 0,186 
M. leeid"ct~lus 0 ,062 
Pelaemon concinnu5 0,030 4,BOO 0,444 0,015 0,015 0,630 0,001 
P. eacificus 0,001 
Harei Hus c1eerns su9 0,009 0,037 
Acetes natslensis D,051 0,144 0,055 
8R/\L:HYURA (craus) 
DeheeniLJs dentat.us 0, 001 
D. 9uadridentat us 0,001 
D. scutellatu5 O,D07 
H~menosoma orbiculare U,801 0,068 CI ,003 0,232 O,08B 0,489 
Rhyncoelax bovis 0,578 0,146 0,1 ~~ 1,580 0 , 687 0 ,244 
Macroehthalmus grandidieri 0,00'( 0 ,01 7 0,012 
T~lodielax bleehariskios 0,003 0,145 0,11 9 0,451 
Varuna litterate CI ,009 O,U(J3 0 ,1£4 0,054 0,0'( ( 0 ,012 0,096 
Seserma catentata 0 ,267 O,OlD 
S. eulimene 0,007 
Portunus !Luea ) pelagicus 0,006 O, OH 
Monomia 91bdiator 0,009 
M. argp.ntata 0,001 
5c~lla serrata 0,189 Ci,04 S 0 ,253 0,160 0,023 0 ,038 0,030 0,487 0,024 
Thalamita admete 0,009 O,UOI 0,006 
Mutata lunaris 0,015 0 ,007 
Potamonautcs sidneyi 
Pilumn us sp.? (xanthid) 0,003 
Calaepd hepatica 0,003 
Leucisc8 5gualina 0,001 
Porcellana streptocheles 
Murine fiuhes: Sipingo - Mzimayi ! 
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Dasllsti5 uarnak 
[lops machnata 0,013 
Me~alops cliprinoidss 
Gilchristelle aestuariUI 2,320 D, 4 82 0,720 0,025 1,470 0,052 0,115 0,211 0,669 
5tolephorus commersonii 0,006 
Bothus panthe rinus 0,016 0,007 0,006 0,032 
501ea bleekeri 0,055 0,109 0,140 0,110 0,026 0,493 3,120 0,046 0,261 0,111 
Paraplagusia bilineata 
5)1ngnathus djarong 0,003 0,002 
Fi.tuleria p.timb. 
Cal1ionl/mus marlelll , 
Terapon jarbua 0,110 0,082 0,032 0,141 0,006 0,079 0,073 0,555 0,045 
Kuhlia taeniurus 0,004 
Lobotes surinamensis 0,006 0,022 
. Epinephelus andersoni 
5i11ago sihama 
(aranx sexfasciatus G,UI8 0,028 0,066 0,032 0,054 0,019 0,004 
C. ignobilis . 
Trachinotus russellii 
5comberoides tala 
5. commersonianus 0,002 
Johnius belengerli 0,008 0,046 
Argllrosomus hololepidotus 0,024 
Upeneus vittatus 0,008 
Drepane punctata 0,010 
Monodact)llus falciformis 0,029 0,392 O,OOB 0,004 0,091 
M. argenteus 0,147 0,006 
Leiognathu9 eguulus 0,107 0,09B 0,052 
5ecutor insidistor 
Gerres punctatus 
G. rappi O,OlB 0,014 0,033 0,006 
G. acinaces 0,216 
Ambassis natelensis 0,121 o,OOB 0,277 O,l1B 
A. productus 0,313 0,319 0,567 0,173 0,398 0,137 1,470 0,323 0,046 5,030 0,444 
Lutjanus fulviflamrna 0,002 
L. argentimaculatus 0,005 
Pomadasys hasta 0,055 0,041 0,016 0,006 0,032 , 0,004 0,111 
P. maculatus 0,032 
P. multimaculatum 0,107 0,019 0,022 
P. commersonni 0,013 O,OW 0,331 0,052 0,024 0,024 
Plectorh)lnchus niger 0,008 
Acanthopa9rus barda 0, 004 0,016 0,011 0,076 0,004 
Rhabdosargus holubi 0,110 0,214 0,439 0,049 0,070 0,169 0,054 0,215 0,014 
R. serba O,olB 0,024 0,025 0,032 0,005 
Diplodus sargus 
MU9il cephalus 0,165 1,310 0,013 0,127 O,OOB 0,092 0,543 0,004 1,550 0,091 
Valamugil eunnesius 0,041 0,003 0,OS4 0,123 0,IB7 
V. buchanani 0,041 0,028 O,OOB 0,007 0,006 0,079 1,920 
Liza dumerili 0,056 O,OOB 0,003 0,IB3 0,009 
L. macrolepi5 0,268 0,009 0,042 U,OOS 0,121 0,257 0,OB3 
L I richardsoni 0,018 0,004 0,lB3 
M~)(us eapensis U,297 0,013 0,004 
5ph:.:reene jello O,OOB 
Taenioides jacksoni 0,024 
Psamm090bius kn~snaensis 0,018 0,007 0,555 0,005 
Glosso!)obius giLJIliS 0,423 0,251 2,62 0 0 ,314 21,00 4,740 1,750 0,329 8,990 4,230 ~1,40 
G. b ioee llatus 
llli901eeis acutipennis O,01B 0,206 0,013 0,05ti 1,040 0,04B 0,104 0,164 2,830 0,034 0,148 
Favono9obius reichei 0,005 
F. melanobranchus 
Caffr090bius natalensis 0,036 U,OOB 0,008 
C. multifasciatus 
Croilia mossemhica 0.006 0,002 , 0,034 
Redigobius dewaRli 0 ,006 
R. bikolanus 
Perioehthalmus sobrinus 0,005 
Eleotris fusea 0,018 0,004 O,UOS [) , O13 0,054 0,027 0,004 
Butis butis 
Pterois volitans 
Plat:.:ceehalus indicus 0,002 
Th~rsoidee macrura 0,006 
Lactoria cornute 
Ambl:.:rhtncholes honckenii 0,006 O,OJO 
Arothron immaculatus 0 ,008 0,003 0,058 0,019 , 
A. hiseidus 
Antennari uS strietus 
A. oliqospi los 
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Anguilla bicclor 
Barbus nata1ensis 0,005 
B. viv iparus 
Aplccheilichth~s m~apcsa. 
Pseudocrenilabrus philander 0,059 0,045 
Oraochrcmis mcssambicus 0,847 11,70 3,010 0,3 97 0,679 B,590 1,670 2,240 0,019 0,670 O,07B 1,370 3,210 




Upogsbia afric:ana 0,436 
Penaeus monodon 0,013 0,024 0,033 0,124 0,120 0,019 
P. semisu1C:lltu!l 
P. indic:uB 0,036 0,091 O,OlB 0,B30 0,140 0,004 
P. c:ana1ic:u1atus 0,019 
P. j8120nicus 0,024 0,003 0,013 0,565 0,024 
Metllpenaeus monoc:eros 0 ,184 0,164 0,205 0,127 0,853 0,040 0,222 0,164 1,000 0,014 0,074 
Parepenaeopsis ac:clivirostris 
·Caridina t:tpus 0,008 
C. nilotice O,OOB 0,014 
Alpheus c:ressimanus 0,036 0,004 
Macrobrec:hium eguidens 0,045 0,014 0,041 0,003 0,104 0,164 9,110 0,118 0,919 
M. petersi 
M. lepidect:t1us 
Pe1aemcn c:onc:innus 0,004 0,014 0,173 0,007 0,104 1,640 7,110 0,019 0,370 
P. pacificus 0,006 0,117 
Harpilius depressus 
Ac:stes nata1ensis 0,008 0,005 0,004 
BRACHYURA (crabs) 
Dehaenius dentatus 0,002 
D. guadridentatus 0,019 
D. sc:ute11atus 
H~menosoma orbicu1are 0,165 0,432 0,006 0,134 1, 930 
Rh:tncop1ax bovis 0, 903 0,156 0,049 1, 910 1,810 0,109 0, 008 1,060 3,170 0, 074 
Macrophtha1mus grandidieri O,OOB 0,021 
T~lodiplax b1ephariskios 0,016 0,003 0,035 
Varuna 1i t terata 0,123 0,013 0,028 O,01B 0,006 0,213 0,044 0,037 0,091 
Sesarma c:atantata 0 ,055 0,004 O,P07 
S. eulimene 
Portunus !Lupa) pe1ag icus 
Monomia gladiator 
M. argentata 
Sc:~l1a serrata 0, 202 0 , 082 0,014 0,041 0,040 0,032 0,657 0,315 0,004 0, 037 
Tha1emita admete 0,005 
Mutllte luneris 
Potamoneutes sidne~ i 0 ,005 
Pilumnus sp . ? (xanthid) 
Celappa hepatic:a 
Leuc:isca sgualina 
Porc:el1ana streptoc:he1es 0,005 
Marine fiahes: Mzinto - Mzumbe / 
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D8s~atis uarnak 
Eloe- machnata 
Megll10es c~erinoides 0,070 
Gilchriatelll1 lIestullriul 0,070 0,432 3,510 1,050 0,140 0,153 0,765 0,388 
Stoiephorul commersonii 
Bothus pantherinus 





TIIrapon jarbua 0,054 0,U96 0,410 1,020 
~uh1ia tpeniurue 












Monodllct~lus falciformis 0,048 0,153 0,038 0,027 0,198 0,237 
M. argenteus 
Leiognathus equu1us 0,051 
Secutor insidiator 
Gerres punctatus 
G. rappi 0,048 0,038 0,04~ 
G. acinllces 
Amb .. ,h nate!ensis 0,076 0,038 
A. eroductus 0,070 0,060 1,540 0,256 0,120 0,OB5 0,063 0,019 
LutjanlJs fulviflamma 0,025 0,039 
L. Brgentimaculatus 
Pomadlls~s hasta 0,025 
P. macuilltus 
P. multimaculatum 0,126 
P. commersonni 0,025 
Plectorh~nchus niger 
Aca nthopagrus berda 
Rhabdosargus holubi 0, 096 0,121 0,2B2 0, 080 0,158 
R. sarba 0,020 
Diplodus sargus 
MuSil cephalus 0,192 0,025 4,230 
Valamugil cunnesius 0,179 0,079 
v. buchanani 0,530 0,205 0,076 
Liza dumerili 4,190 
L. macrolepis 0,370 0 ,144 0,117 
L. richardsoni 
MI/xus capensis 0,054 0,481 0,128 0,316 
Sph~raena jello 
Taenioides jacksoni 
PSllmmogobius kn~snaen9is 0 ,048 0,039 
Glossogobius glurlJs 7,780 0,540 1,7] 0 11,40 3,220 0,120 2,680 0,923 0,510 2,110 1,580 0,039 
G. biocellatus 
llligoiepis acutipennis 0,017 0,04 8 0,538 0,038 0,790 
favonogobius reichei 
f. meillnobrsnchus 
Cllffrogobius netalensis 0, 11% U,025 
c. multifasciatu5 
Croilis mossambica 0, lJ40 0,076 
Redigobiu5 dewaa li 
R. bikolanus 
Perioehthalmus lobrinu6 










A. oli 90sp i lo ~ 
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B. viviesru9 0,144 0,198 
Aelocheilichth~s m~aeosae 
Pseudocrenilabrus ehihnder 0,842 0,025 0, 03 9 





Ueogebia africena 0,051 
Penaeus monodon 0,051 
P. semisu1catus 
P. indicus 
P. canalicu1atus I 
P. jaeonicus 0,025 
Metaeenaeus monoceros 0,106 0,205 0,038 0,03 9 
Paraeenaeopsia acclivirostrie 
Ceridina t~eus 
·c. nilotica 0,048 0,070 
Alpheu9 crassimanU5 
Macrobrachium eguidens 0 ,096 0,141 1,460 0,120 0,042 0,083 0,435 
M. eetersi 
M. leeidect~lus 





Dehaenius denta t us 
D. guadridentat us 
D. scuteUatus 
H~menoBoma orbiculars 0,03 9 
Rh~ncoelex bovis 0,424 0,14 4 0,606 5,190 0,042 1,520' 0,039 
Macrophthelmus grandidieri 
T~lodielBx blephariskios 
Varuna litterata 0,053 0,054 0 ,674 0,060 0,040 0,115 0,042 0,356 
Sesarme catenteta 
5. eul imene 
Portunu9 ~Lupal eelegicLis 
Monomia gladiator 
M. argentata 
5c:a!11a serr"ta 0,053 O,lad 0,205 O, 02U 0,115 0,127 0,055 
Thalamita admete 
Mutate lunaris 
Potamonautes s i dne yi 




Marine fishes: iNtahambili - Uvuzana / •.• 
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Gilchristella aeituariul 0,326 0,104 0, 154 0,132 0,171 0,343 0,062 0,065 
Stolaehorus commersonii 
BothuB eantherinus 





Taraeon jarbua 0, U46 0,066 0,156 0, 06 5 
Kuh lia teeniurU9 
Lobotes surinameneis 








Argl£ro9omus hololeeidotus 0,235 
Ueeneus vittatu5 
Dreeane eunctata 0,014 
Monodac:tl£lus falc:iformis 0,040 0,045 0,044 0,141 0,262 
M. argenteus 0,014 
Leiognathus eguulu5 0,676 
Sec:utor insidiator 
Gerres eunc:tatus 
G. raeE!i 0,040 
G. Bcinaces 
AmbBssis natalensis 0,751 0,279 2,000 
A. eroductus 0 ,204 0,091 0,065 0,243 0,441 0,102 0,666 1,550 0,062 0 ,106 1,110 
but janus fulvi flamma 
L. argentimBculatus 0,046 
Pomadasl£s hasta 0,044 
P. maculatus 0,058 
P. multimacuhtum 0,014 
P. commersonni 0,020 
Plectorhynchus 'niger 
Acanthoeagrus berda 0,235 0,020 
Rhabdosargus holubi 0,132 O,OBB 0,323 0,343 0,459 
R. sarba O,08B 0,161 0,093 
Dielodus aargus 0,066 
Mugil ceehalus 0,264 0,744 0,622 
Valamugil cunnesius 0,367 0,040 
V. buchanani 0,085 0,235 0,744 0,468 0,101 
Liza dumerili 0,069 0,031 
L. mac:roleei s 0,045 0,044 0,046 0,044 0,156 
L. richardsoni 0,065 
M~)(us ceeen si s 0,367 0,216 
Seh~raenll jelle 
Tsenioides jBcksoni 
Pssmmogobius kn:tsnaenais 0,040 
Glossogobius giurus I, J40 0,183 0,90 4,240 O,3!J7 1,020 0,976 2,000 2,24 0,125 0,090 0,916 139,00 
G. biocellatu5 




C. multi fucilltus 
Croili. mossambica IJ,Ll44 0,031 
Redi!j0biu5 dewllllli 
R. bikolanus 
PIlrioehthalmu5 sabri nus 
£leotris fus cs 0,04 0 0,029 
Sutis butis 
Pterois volitens 
Platl£ceehelus indicus 0,014 
Th~reoides macrure 0,029 
Lactori" cornuta 
Ambl~rh~nchotes honckenii 
Arothron i mmaculatus 0,014 
A. hisE!iduB 
~ntennariu" st riatus 
A. oligole ilo5 
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Oreochromis mossambieus 1,300 1, 56 0 9,65D 1,000 0,618 0,014 0,837 0,933 0,2 42 3,620 1,510 0,262 
Tibeia rendall i 
Chrias ~arieeinul 
Mieroeterus do1omieu 0,020 
NACRURA (praw ns) 
Ueogebia af deana 0 ,147 




P. jaeonieus 0,029 0,125 
Metaeeneeus monoceros 0,ll44 1,670 0,040 0,062 0,065 
Pareeeneeoesis ar.clivirostris 
Caridina t~eus 
C. nilotiea 0,09 0 
A1ehllu9 erllssimanu5 
Macrobrllchium eguidens 5,720 0,222 0,031 0,545 
M. elltersi 
M. llleid8ct~lus 
Palaemon concinnus 0 ,204 0 ,066 0,626 0 , 215 
P. eaeificus 
Hareilius deeres sus 
Acetlls nata1ensis 
BRACHYURA (c rabs) 
Dehsllnius dentatus 
D. guadride nta tus 0 ,014 
D. scutellatus 
H~mllnoeoma orbicu1are 0,080 
Rhlr!ncoebx bovis l,lBO 0,]21 1 , 110 0 , 355 1,110 Ll , 162 0,393 
Mllcroehthelmus grandidieri 
hlodielex bleehariskios 0 ,191 
Verune litterah 0,040 0,045 0,139 0, 02 2 0,279 0,046 
Sesarma catentata 
S. eulimene 
Portunus ~Luea) pelaqicu5 
Monomia qladietor 
M. arqentata 
Sc ~lla serreta 0 , D42 0,022 0 ,073 G, 046 0, 080 0 ,031 1D, 054 p,196 
Thelamita admete 
Muteta luneris 
Potem onautes sidne ~ i 




Marine fishes: Bilanhlolo - Mtamvuna / .. . 
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Das)£atis uarnak 
floes mach nata 
Me51aloes c)£erinoides 
Gilchristelle aestuariu. 0,219 0,127 0,072 0,297 1,500 0,597 
Stoleehorus commersonii 
Bothus eantherinus 0,033 
Sole a bleekeri 0,444 0,109 0,173 0 , 067 0,076 0,235 0,144 0,359 0,066 1,150 0,199 
Paraelagusia bilineata 
Slln51nathus djaron51 0,064 
Fietularie eetimbe 
Cal1ion)£mus marle)£i 
Teraeon jarbua 0,266 0,054 0,546 0,2 -(0 0,016 
Kuhlia teeniurua 
Lobotes 5urinamensis 
Eeineehelus andersoni 0,021 
Sillago sihama 
Caranx sexfasciatus 0, 088 
C. isnobilis 




Arg)£rosomus hololeeidotus 1,49C 
Ueeneus vittatus 
Dreeane eunctata 
Monodactllius falciformis 0,171 0,033 0,049 
M. ar51enteus 0,216 
Leiognathu9 equulus 0,514 
Secutor insidietor 
Gerres eunctatus 
G. raee i 0,024 0,033 0,035 
G. acinaces 
Ambassis natalensis 0,109 0,021 
A. eroductus 4,220 2,'570 0,223 0,100 0,331 0,085 1,180 0,179 2,440 0,526 0,500 0,033 
Lutjanus fu Ivif 1 amma 0,021 0,070 0,049 
L. ar51entimaculatus 
POmada5)£S hasta 0,033 0,016 
p. maculatus 
p, mul timaculatum 
P. commersonni n ,266 0,042 0,033 0,280 0,16 S 
Plectorh)£nchus niger 
Acanthoea51rus berda 0,116 
Rhabdosar51us hoI ubi 1,2BO 0,547 0,124 1,450 0,288 0,179 0,297 1,43C 11,70 
R. serba 0,088 0,438 O,OB5 0,036 0,066 
Dielodus sarsus 0,080 
1,oic MugU ceehalus 1,110 0,054 0,106 0,647 
Valamugil cunnesius 0,355 0,383 
V., buchanani 0,198 0,432 0,26 9 0,721 0,94 
Liza dumerili 0,021 
L. macrolee is 0,133 0 ,795 
L. richardsoni 0,01:18 0,14C 
M)£xus ceeensis 0,012 
Seh~raena jello 
Taenioides jacksoni 
Psammogobius kn~snaensis 0,175 0,713 
Glosso51obius giurus 3,730 14,90 0,273 11,60 5,960 0,641 4,430 0,629 7,140 4,700 0,500 1,470 
G. bioce11atus 
Olisoleeis acutieennis 0,400 0,054 0,124 0,076 0,106 0,180 0,666 0,116 
fllvono51obius rei chei 
F. melanobranchus 
Caffr090bius natale nsis 0,4tl6 0,296 0,064 0,016 
C. multi fasciatus • 0,035 0,116 





Butis butis 0,035 0,016 
Pte rois volitans 
Plat~ceehalus indicLJS 0,016 
Th~rsoidea macrura 0,035 
Lactorill cornuta 
Ambl~rh:.:nchotes honckenii 0,021 0,04 ' 
Arothron immacu1atlls ll ,Ll24 O,U33 0,126 0,245 0,298 
A. hise idus 
Antennari us stl'iatus 
A. oli9ose i los 
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Oraochromis mossambicus 1,820 ~,090 0 ,4 96 0 ,235 0,229 0,598 3,240 0,363 0,035 





Penaeus monodon 0,016 
P. semisu1catus 
P. indicus 1,190 
P. cana1icu1atus 
P. jeeonicus 0,448 
Metaeenaeus monoceros 0,044 0,074 0,033 0,126 0,144 0,385 0,979 




Macrobrachium esuidans 0,400 0,164 0, 64 8 0,033 2,500 0,016 
M. eatersi 
M. 1eeidllct~lus 
Pe1eamon concinnu9 0,088 
P. eacificus 0,296 
Harei1ius deeressus 
ACates natll1ensis 0,035 3,310 
B RACHYURA (crabs ) 
Dehaanius dentatus 
D. guadride ntatus 
D. scutellat us 
H~menosoma orbicu1are 0,021 7,360 r,780 
Rh~ncoehx bovis 0,219 1,000 O,-r64 0,216 0,099 0,035 p,365 
Macroehthlllmus srandidieri 0,108 
T~lodie1ax blephariskios 
Va runa li tterata 0 ,074' 0,025 0,108 0,066 
5asarma catenteta 
S. eulimene 
Portunus ~L u ea ) pe1agicus 
Monomia s1adiator 
M. argentata 
Sc~lla serrata 0 ,400 0, 303 D,19U 0,025 0,171 0,036 0,175 0,033 
Thalamita admete 
Mutata lunaris 
Potamonautes sidne ~i 




END OF TABLE 
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see also Sub-app. C, in the Appendix). OVerall 86 species of fish, 18 
species of prawns and 21 species of crabs were caught. 80% of the 
total catch was accounted for by 13 species. These comprised eight 
species of fish (Glossogobius giurus, Oreochromis mossClllbicus, 
Oligolepis acutipennis, Ambassis productus, Solea bleekeri, Mugil 
cephalus, ValantU;lil buchanani and Gilchristella aestuarius) , four 
species of prawns (Macrobrachium 8jUidens, Metapenaeus monoceros, 
Palaemon concinnus and Penaeus indicus) and a single species of crab 
(Rhyncoplax bovis). 
Numerically, the family Gobiidae (18 209 taken) comprised 32,6% of 
the ichthyofauna and 22,6% of the overall catch; cichlids (11 820 
taken) comprised 21,1% of the ichthyofauna and 14,6% of the overall 
catch; Mugilidae (9 135 taken) comprised 16,4% of the ichthyofauna and 
11,3% overall. Collectively, fishes from these three groups therefore 
accounted for 7(1% of the ichthyofauna, and 48,5% of the overall catch. 
Amongst the prawns, carids (10 266 taken) represented 52, 7% of the 
prawn catch, and penaeids ( 8 627 taken) represented 44,3%. 
Macrobrachium equidens made up 70% of the carid catch and Metapenaeus 
monoceros 42,4% of the penaeid catch. 
Rhyncoplax bovis (2 344 taken) was the most commonly caught crab' 
and represented 45% of all the crabs caught. 
Q'lly 12 of the species encountered occurred in more than 30 of the 
62 systems studied (Table 13), the IIk)st COI'II11On being Glossogobius 
giurus, which was found in 59 of them. From the point of view of 
geographical distribution, detailed information on the occurrence in 
estuaries of even the CX>II1I1lOn groups such as the Ambassidae, did not 
previously exist (Martin, pers.comm. >. Besides this valuable 
information on the distibution of several other species such as the 
convnon mudbream (Oreochromis mossambicus) (former 1 y considered not to 
occur in open systems (Whitfield & Blaber,1979» and Croilia 
mossambica, a burrowing goby formerly considered to be endemic to 
Maputaland (Blaber & Whitfield,1977; Bruton & Kok,1980) was gathered. 
This study showed that the latter species occurred in at least 11 
systems as far south as the Mpenjati (3.56) at latitude 300 57'S. The 
incidence of penaeid prawns in estuaries, which are species of 
considerable economic importance to man, had also never been examined 
in detail along the Natal coastline (de Freitas,1980). 
During the course of the study it became increasingly obvious that 
S3 
Table 13. Relative- abundance of 90 of the species 
62 different estuarine localities on the 
period September 1979 to November 1982. 
in only one system have been excluded. 
from Table 16 in Chapter 4. 
caught by trawl netting in 
Natal coast during the 
'!hose species recorded 



































































































































by virtue of their abundance certain species were more common in 
closed systems than they were in open (Table 14), whilst others were 
more numerous in open systems than they were in closed. Because of 
this the terms I lagoon-associated I and I estuary-associated I have been 
adopted in the text of the Appendix. The reason seemed attributable 
to the differing degree of contact with the sea because in open 
systems the larvae and juveniles of numerous marine species are 
transported into the system at high tide. Al though the same thing can 
happen in closed systems whenever they are open,or by topping of the 
bar, the impression gained was that most life wi thin such systems has 
become adapted to the static conditions which prevail. The most 
important adaptation of all is the need to complete their life cycle 
within the system in question and thereby become independent of direct 
contact with the sea. In terms of numerical abundance, the proportion 
of these species qenerally overwhelmed the catch. With few exceptions 
the data presented in Table 14 show that systems which are normally 
closed are commonly dominated by four particular species (G. 
aestuarius, G. qiurus, O. mossambicus and R. bovis), whereas in 
systems that are normally open their relative abundance drops unless 
mouth closure regularly occurs (for instance in the Lovu, Mpanbanyoni 
and Mtwalume) or the system' is perched above sea level (e.g. I3oboyi) 
or kept open artificially as in the Mhlabatshane (3.36). In each case 
the community composition alters accordingly (see also Fiq.23 Chap.4). 
For essentially similar reasons (i.e. the prevailing mouth 
condition), a vast difference in species diversity was discernible 
between each of the 62 estuaries studied. Although an impoverished 
fauna is a widely recognized characteristic of closed systems 
(Grindley,l980; Hodgkin,l980; Oay,l981) and regions in which the 
salinity is reduced to 5%. - 7%0 (Remane & Schlieper ,1971) no attempt 





of a set of estuaries along a 
in this case measuring 240 km. 
(Fig. 7 ), mouth condition was 
environmental determinant. For 
substantial stretch of 
Amongst the differences 
obviously not the only 
example in the Sezela 
(3.27), pollution played a role in accountinq for the total absence of 
life in the system. Pollution also suppressed species richness in 
systems such as the Tongati, Sipingo and r.b:>kodweni. In other 
estuaries salinity seemed to be an influential factor, and especially 
Table 14. 
(a) 
The comparative proportions of four commonly encountered species 
(expressed as a percentage of the total catch) in closed systems 
(a) as opposed to open sys terns (b). '!he Vungu (3.48) and Zolwane 
(3.61) have been excluded as both were untrawlable. 
it./ ,?Ly 
Code Gilchristel1a Glossogobius Oreochromis Rhyncoplax % Total 
N° aestuarius giurus mossambicus bovis catch 
Zinkwasi 3. 1 15,99 5,66 18,06 4,37 44,08 
Nonoti 3. 2 23,94 2,82 15,49 9,86 52,11 
r-tllotane 3. 3 15,79 52,63 5,26 18,42 92,10 
Seteni 3. 5 5,79 10,42 53,70 5,79 75,70 
r-tlloti 3. 8 1,64 0,54 64,98 - 67,16 
Mhlanga 3. 9 4,41 9,83 13,56 13,56 41,36 
Sipingo 3.12 - 10,75 21 50 22,90 55,15 
Mbokodweni 3.13 - - 83,53 - 83,53 
Manzimtoti 3.14 34,32 3,70 44,48 - 82,50 
Li ttle Manzimtoti 3'.15 8,42 45,79 6,93 2,72 63,86 
Msimbazi 3.17 0,08 63,15 25,81 3,75 92,79 
uM:Jababa 3.18 11,31 36,50 12,87 13,93 74,61 
N:Jane 3.19 - 19,39 24,85 1,21 45,45 
Mahlongwana 3.21 1,03 80,21 5,98 9,48 96,70 
Mahlongwa 3.22 1,32 26,38 0,49 19,81 48,00 
Mzimayi 3.24 4,11 67,95 19,18 - 91,24 
Mzinto 3.25 0,82 89,80 0,82 4,90 96,34 
Mkumbane 3.26 3,54 4,42 86,73 - 94,69 
Sezela 3.27 - - - - -
r-tlesingane 3.28 23,32 11,50 17,25 0,96 53,03 
Fafa 3.29 5,38 68,84 19,88 3,11 97,21 
Mvuzi 3.30 0,15 3,47 88,09 5,58 97,29 
Mnamfu 3.32 - 73,63 13,19 - 86,82 
Kwa Makosi 3.33 - 36,92 36,92 - 73,84 
Mfazazana 3.34 38,30 25,53 14,89 2,13 80,85 
Mhlungwa 3.35 8,09 43,93 9,25 31,79 93,06 
iNtshambili 3.38 6,30 25,98 25,20 22,83 80,31 
Koshwana 3.39 - 6,90 58,62 12,07 77,59 
Damba 3.40 - 52,56 46,42 - 98,98 
Mh1angamkulu 3.41 1,50 61,00 14,50 16,00 93,00 
Mtentweni 3.42 5,22 13,43 20,90 - 39,55 
Mbango 3.44 - 26,58 22,78 - 49,36 
Zotsha 3.46 1,88 66,89 1,32 6,07 76,16 
Mhlangeni 3.47 0,87 1,74 50,43 - 53,04 
Kongweni 3.49 - 26,98 44,44 4,76 76,18 
Uvuzana 3.50 0,16 92,97 0,63 0,94 94,70 
Bilanhlol0 3.51 - 23,60 11,52 - 35,12 
Mvutshini 3.52 0,74 50,84 30,91 0,74 83,23 
Mbizana 3.53 - 7,43 13,51 - 20,94 
Kaba 3.54 - 88,78 1,79 7,65 98,22 
Umhlangankulu 3.55 1,67 78,26 3,01 10,03 92,97 
Mpenjati 3.56 - 14,02 13,08 - 27,10 
Kandandlovu 3.57 0,62 38,20 27,95 1,86 68,63 
Ku-Boboyi 3.59 2,56 61,54 3,13 0,85 68,08 
AVERAGE 72 ,37 
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Table 14 continued 
(b) 
Code Gilchristella Glossogobius Oreochromis Rhyncoplax % Total 
N° aestuarius giurus mossambicus bovis catch 
Mvoti 3. 4 0,84 0,21 6,09 - 7,14 
Mhlali 3. 6 1,52 1,91 1,30 1,95 6,68 
Tongati 3. 7 - 0,58 13,18 - 13,76 
Mgeni 3.10 0,08 1,03 0,11 - 1,22 
Durban Bayhead 3.11 - 0,82 - - 0,82 
Lovu 3.16 13,68 5,97 12,89 0,94 33,48 
Mkomazi 3.20 0,19 1,17 0,07 0,03 1,46 
Mpambanyoni 3.23 - - 20,33 1,10 21,43 
Mtwalume 3.31 1,44 1,20 43,88 - 45,4~ 
Mhlabatshane 3.36 - 57,14 2,86 1,43 61,43 
Mzumbe 3.37 - 0,33 39,74 - 40,07 
Mzimkulu 3.43 0,80 6,23 0,09 - 7,12 
Boboyi 3.45 3,15 35,43 16,54 6,30 61,42 
Tongazi 3.58 - 38,89 - - 38,89 
Sandlundlu 3.60 7,14 22,26 0,17 0,17 29,74 
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The relative species richness of 60 systems south of the 
Tugela River in Natal. Tb equate the relative effort 
expended trawl netting in each system, the total number 
of fish,prawn and crab species caught after three visits 
to each system are shown. The Vungu and Zolwane have 
been dropped because neither could be effectively sampled 
by trawling (see Appendix). 
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where substantial increases occurred. The most striking example 
perhaps is the Zinkwasi which, albei t closed for 80% of the year, is 
sufficiently saline (21%0) to maintain a wide variety of species that 
are more normally found in open, tidally influenced systems. 
Another possible determinant in the trend depicted by Figure 7 is 
nutrient availability. The discharge of sewage effluent into the 
Mgeni and the Zinkwasi could enhance biological utilization, although 
in the case of the Mgeni,the most species rich of any of the estuaries 
studied, the open mouth, salinity regime and silty bottom materials 
are far more important environmental factors. Another factor which 
needs to be taken into consideration is artificial breaching of the 
mouth, as occurs in the t-tlloti. Al though regarded as being 
environmentally damaging (Howard-Williams and Allanson, 1979; Whitfield, 
1980; Blaber et al.,1982) breaching does enhance species richness of 
such a system by improving contact with the sea. In the Mpenjati, 
which is periodically opened by bulldozer to facilitate the removal of 
sand from the estuary basin, species richness is similarly affected. 
Conclusions 
Amongst the estuaries in the study area enormous variation occurs 
in terms of both their abiotic and biotic nature as well as man-
induced perturbation. For both the short and long term needs of 
planning and management to be catered for, a classification of this 
resource is desirable as a basis for distinguishing between specified 
types of estuaries. A classification of the type envisaged would also 










selecting areas for conservation; 
designating usage (potential utilities and disutilities); 
planning development; 
planning research; 
predicting the responses of certain estuary types to given 
forms of development; 
predicting the resilience of each estuary type; 
providing uniformity in concepts and terminology in Natal; 
monitoring the condition of each estuary hereafter, and 
improving the value judgements presently being made of these 
resources. 
The next chapter is designed, amongst other things, to provide the 





Since the turn of the century numerous attempts have been 
made to classify habitats throughout the world (Goodall,1953; 
Whittaker ,1962) because the grouping of objects on the basis of their 
similari ties has always been part of the 'thinking process' in man 
(Morant,1981). Despite this, the classification of estuaries is a 
confusing and controversial subject that has vexed the scientific 
community for many years (Segerstrale, 1959; Caspers,1967) largely 
due to of the infinite variety of environmental factors that determine 
the characteristics of estuarine environments in general. This has 
not only created confusion amongst the scientific community (Reddering 
1980) but also amongst people in other professions such as engineers, 
planners and policy-makers who have no firsthand knowledge of the 
subject, but nevertheless are intimately involved in coastal zone 
management. 
Some of the earliest attempts to classify estuaries were made by 
geographers (Johnson,1919; Finch et al. ,1957) on the grounds that 
differences were discernible between estuaries in terms of their 
geomorphological origin and form. For a long time salinity was used, 
as a distinguishing factor, and still is (Redeke,1922; Valikangas, 
1926; Dahl,1956; Remane & Schlieper,1971). In addition, salinity plus 
modifying factors such as hydrology and climate (Rochford,1951) have 
also been used. SUbsequent approaches involved salt balance equations 
(Pritchard,1967) and differentiation between the dominant physical 
processes associated with circulation and mixing (Hansen & Rattray, 
1966; 8owden,1967). As a common denominator measuring processes of 
several kinds, energy flow was used to good effect as a basis for 
differentiating between estuaries in the United States by Odum and 
Copeland (1969). More recently 'biotic provinces' along the 
coastline based on differences in sea temperatures, tidal range, wave 
energy, climate and coastal geology have been used (Day, 1981) • In the 
process, an astonishing variety of definitions and terms (such as 
'thalassohaline' (8ond,1935) as a specific type of brackish water, and 
'hyphalmyrobients' (Remane & Schlieper,1971) as a group of organisms 
associated with a particular salinity range) have materialized. 
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It is not intended to review the validity of these terms, nor to 
discuss the multi tude of def init ions that have been proposed. However, 
it seems clear that a problem area in estuary classification using 
environmental variables is the fact that because of the dynamism of 
estuaries (Day,1951; Hedgpeth,1957; Jennings & Bird,1967) consensus 
has never been reached regarding which environmental variables are the 
most relevant for the purpose of deriving an all-encompassing 
definition of the term 'estuary'. Despite this, the internationally 
accepted definition of an estuary today is " .•• a semi-enclosed coastal 
body of water which has free connection with the open sea am wi thin 
which sea water is measurably diluted with fresh water from lam 
drainage. II ( Cameron & Pritchard, 1963) . Another school of thought 
maintains there are such things as closed estuaries, which implies 
that free connection with the sea is not essential (Day, 1980; 1981). 
On reflection of the logic expressed by several authors such as 
Goodall(1954); Day(l967); OJum and Copeland(1969); Day et ale (1971); 
Gosselink and Turner(1978); and Gladson(1981) all o~ whom have pointed 
out that the biota associated with any particular ecosystem 
synthesize whatever environmental variables are involved into one 
conrnon response, it seemed clear that the "red-herring" in estuary 
classification has been man's preoccupation with the classification of 
environmental variables instead of the biota. 
For example, in wetland ecosystems the variation in certain hydro-
logical relationships produced soil types of different forms, and 
these in turn determine the character of the vegetation. As the end 
product of the evironmental variables imposed upon that ecosystem, the 
veqetation becomes a useful index for the identification and 





emphasized that II complexes of environmental factors 
plant distribution can be indicated and measured better 
through the plants themselves, than by direct physical 
II . .. . 
Certain authors (den Hartog , 1960; Caspers, 1967) discuss the 
benefits that could be derived from "biological analysis" as a means 
of differentiating between estuaries, but to date no concerted effort 
has been made to put these ideas into practice. An investigation into 
community composition therefor e seemed to be a potential key to the 
classification of Natal's estuaries (Fig. 8), as well as a means of 
Fig. 8. The conceptual basis of a classification strategy for 
Natdl's estuaries (adapted from Gosselink and Turner, 
1978 and Breen, 1982). 
e .g. 
( I~ MOU'I'H CONDITION I , modifies differing , '. 
61 




oxygen levels --._ 
turbidity ------._ 
substratum -----._ 
, .... - ... . - FLUVIAL & MARINE . --- . .. 
'- - - - - -- --- CHEMICAL & PHYSICAL INFLUENCES , 
PROPERTIES modify ,- - - - : : ........ , __ - - --. of the system ~ , - - . - -,-- --, --,.- determine 
I , 
I J BIOTIC RESPONSE 
prcduce a 
for various uses ~ 
~ deve~pment identification resource 




s electing areas 
for conservation 
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determining whether systems with free connection to the open sea (as 
defined by Cameron and Pritchard, 1963) were discernibly different to 
systems with intermittent connection with the sea (as suggested by 
Barnes, 1980). In essence, the prospect of using the biota as 
synthesizers of whatever variables were involved in the wide variety 
of estuaries described in Chapter 3, seemed to have considerable 
merit. An added reason for adopting this approach was because with 
the aid of computers community classification has become steadily 
perfected in recent years (Whittaker,1967) particularly by botanists 
involved in the classification of plant communities (Bray & 
CUrtis,1957; Moore et al., 1970; Huntley & Birk~,1979). It has also 
become clear that the impracticality of processing large data sets can 
be overcome by using a computer, as well as the subjectivity inherent 
in many classifications • 
The value of multivariate analysis in the classification of marine 
communities has been demonstrated by several workers (Cassie,1967; 
Field & McFarlane,l968; Buzas,l970; Field & Robb,l970; Boesch,l973; 
McCall,l978; Rainer & Fitzhardinge,198l) but to date no attempt, other 
than that by Siegfried ( 1981b), has been made to use communi ty data 
for the purpose of estuary classification. This may be due to the 
inherently hiqh level of variability at population and community 
levels in estuaries (Livingston,l979), or a result of their biological 
instability. However, the need for such an approach was foreseen and 
adopted by Siegfried (l978,l98lb) despite the fact that he realized at 
the time that a major problem was the unavailability of the required 
data. Sieqfried attempted to use the avifauna as a means of 
classifying a variety of estuaries alonq 3000 km of the South African 
coastline (between the borders of South West Africa and Mozambique) 
but was limited by the inadequacy of the data themselves which had 
been collected by a variety of fieldworkers for completely different 
purposes. As a result some strange associations were formed by 
cluster analysis, which bear little resemblance to those achieved in 
the present study. 
As outlined in Chapter l, this study was specifically undertaken 
to obtain the data considered relevant for classification purposes, 
and in terms of the objectives of the study (Chap l), to use these 
data as a means of producing a classification of Natal's estuaries: 
as a means of defininq their current and future environmental 
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conch don, and as a means of gaining further insight into the present 
day biological utilization of these systems. Throughout, the 
assumption made was that the biota present in any of the 62 systems 
studied would synthesize whatever environmental variables were 
invol ved into one common response. Furthermore, wi th the aid of 
multivariate analysis the results could be tested and refined in 
order to obtain a deeper insight into the community structure and 
dynamiCS of each system • 
4.2 METHODS 
4.2.1 Provisional classification 
In the knowledge that not all 62 systems i n the study 
area complied with the definition of an estuary (sensu Cameron and 
Pritchard, 1963) (Chap. 3), the decision was made to differentiate 
between them usinq the two key criteria that are embodied in their 
definition (namely, free connection with the open sea (which is 
tantamount to saying the system is tidal) and the measurable dilution 
of seawater by freshwater). These, together with tidal exchange were 
used in the following way: 
a) If the system was tidal, freely connected to the sea, and 
comprised of seawater measurably diluted by freshwater, the system 
was rega~ed, by definition, as an estuary. 
b) If the system was tidal, freely connected to the sea but contained 
seawater undiluted by freshwater, the system was regarded as a 
bay. 
c) If the system was atidal, and separated from the sea but contained 
seawater measurably diluted by freshwater, the system was regarded 
as a lagoon (following the views expressed by Barnes, 1980). 
d) If the system was outwardly open to the sea but atidal (by virtue 
of its elevation above sea level), and totally fresh it was 
reqarded as a river mouth. 
These distinctions are synthesized in Table 15. 
Table 15. A provisional basis for the classification of 
"estuaries" in Natal using the criteria con-
tained in the definition of an estuary provided 




with the + + + open sea 
Seawater measurably 
diluted with + + 
freshwater 
Tidal exchange + + 




A geometric concept fundamental to an understanding of 
ordination is that of species space and samples space because the 
sample-by-species matrix in which most ecological data are presented 
(Table 16) can be visualized in a multidimensional form. 
If spatially represented (Fig.9) species and samples spaces differ 
only in that species represent the axes in samples space, and samples 
represent the axes in species space. In the context of the present 
study, however, in which the data matrices comprised 125 species and 
up to 59 scmples, the number of dimensions involved are impossible to 
visualize. Detrended correspondence analysis (or DOCORANA) was 
developed by Hill (l979b) in an endeavour to reduce high-dimensional 
data of this nature onto a graph of two dimensions, and so enable the 
distribution of the sample points to be inspected (Gauch,l982). Very 
little information is sacrificed in the process and both communication 
and comprehension of the data are effected. 
The result of such an analysis is a scatter diagram or graph 
which enables relationships between samples to be visualized. The 
samples (or species) are grouped in such a way that similar entities 
are near each other and dissimilar entities are far apart. Despite 
this, ordination remains as an exploratory technique designed to 
reveal little else but the underlying structure of the data set 
(Goodman, pers.comm.). 
For the sake of comparison, the data contained in Table 12 (Chap. 3) 
were also used for the purpose of ordination. These data represent 
abundance values created by expressing the raw data (Sub-app C, in the 
Appendix) in terms of catch per uni t of effort (CPUE) • As is 
customary log transformation (using loge) was required to scale down 
the weight of the most abundant species to prevent these from swamping 
the other data (Field et al.,1982). 
4.2.3.Cluster analysis 
Cluster analysis is generally the first step in 
community analysis (Field et al.,1982) and is used to identify broad 
inter-group relationships in the data set. Numerous techniques 
are available. Each of these differ greatly according to their 
relative emphases on a variety of division criteria (Gauch,1982), but 
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• Species 1 
• Species 3 
• Species 2 
5 10 15 20 
Sample a 
( A ) Species space ( B ) Samples space 
Fig,9 Spatial relationships between two samples and three 
species in species space (A) and samples space (B). 
Sample a has ab\mdances of 6,5 and 7,5 for species 1-3 
respectively; and sample b has abundances of 20,10 and 
15 for species 1-3 respectively. Both A & B contain 
the identical information but expressed in different ways. 
(A) is after van Groenewoud (1965); ana (B) after 
I Gauch ( 1982 ) . "Samples with similar species occupy 
nearby positions in species space, whereas species 
with similar distributions in the sample set (for 
example 1 & 3) occupy nearby positions in samples 
space" ( Gauch, 1982 ) . 
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sample by species matrix (for example Table 16) and linking those 
samples that are most alike in terms of species composition. The 
result of such an analysis is a dendrogram indicating the hierarchical 
similarity structure of the data. 
'!Wo techniques were tested, including a method developed by Field 
and McFarlane (1968) using the Bray-CUrtis measure of similarity (Bray 
& CUrtis,1957) and the group-average sorting method (after Lance & 
Williams,1967); and a program developed by Hill (1969a) called two-
way indicator species analysis (or "'IWINSPANII ) wherein corresponding 
sample and species hierarchical classifications are produced. Neither 
proved to be particularly effective as the data did not lend 
themselves to being forced into discrete classes by hierarchical 
clustering. This tended to suggest that community variation in the 
systems studied was semi-continuous because of subtle differences 
between variables such as mouth condition and salinity • 
As detrended correspondence analysis ( Sect • 4 • 2.2) was found to be 
an especially robust and effective ordination technique, as confirmed 
by Wilson (1981), "ordination space partitioningII (after r-«:>y-
Meir,1973; Hall & SWain, 1976) was used as a simple, polythetic 
clustering technique. 
Put simplistically, ordination space partitioning means that 
sample groups were defined subjectively by drawing partitions (or 
boundaries) in the ordina t ion graphs to generate a divisive, 
hierarchical classification. The method is also recommended by 
Williams (1971) in cases where field experience has provided a general 
understanding of the data that cannot be supplied or specified 
precisely to the computer. 
4.2.4 Gradient analysis 
The method adopted to ascertain the part played by 
various environmental factors in the sample and species ordinations, 
was that recommended by Field et~. (1982) and Gauch (1982) where the 
environmental factors considered influential are independently 
superimposed over the ordination • 
Sample groups were first defined by ordination space partitioning 
and then transferred to the ordination. Scaled symbols were used to 
create a visual impression of the major differences between the sample 
groups. This was achieved by superimposing the variables listed in 
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Table 17 one at a time over the ordination. 
Information statistics such as analysis of variance or multiple 
discriminant analysis (Green & Vascotto,1978) were not used to 
determine the relative importance of each environmental variable, 
as the differences revealed by the above method were obvious enough to 
make it unnecessary. Furthermore 
(Table 17) were not measured. 
certain of the variables involved 
4.3 RESULTS 
4.3.1 Provisional classification 
By allocating each of the systems studied to one or 
other of the four categories proposed in Table 15, the following 
groups, ranked in geographical order from north to south, were 
achieved: 
BAY Durban Bayhead 
ESTUARY Mhlali, Tongati, t-geni, Lovu, Mkomazi, ~anyoni, 
Mtwal\.lTle, M1labatshane, Mzumbe, Mzimkulu, Boboyi, 




Zinkwasi, l'tmoti, M:Uotane, Seteni, M::iloti, M11anga, 
Sipinqo, Mbokodweni, Manzimtoti, Little Manzimtoti, 
Msimbazi, uM:;}ababa, Ngane, Mahlongwana, Mahlongwa, 
Mzimayi, Mzinto, Mkumbane, Mdesingane, Fafa, 
Mvuzi, Mnamfu, KwaMakosi, Mf azazana, Mhlungwa, 
iNtshambili, Koshwana, Damba, M11angamkulu, 
Mtentweni, ~qo, Zotsha, Mhlangeni, Kongweni, 
Uvuzana, Bilanhlolo, Mvutshini, Mbizana, Kaba, 
Umhlangankulu, Mpenjati, Kandandlovu, Ku-boboyi 
Mvoti 
69 
The validity of these groupings were then tested using 
nrultivariate analysis, in the belief that they would be reflected by 
the biota present. It also seemed likely that a continuum of 
variation occurred between systems identifiable as a rivermouth for 
example and, at the opposite end of the scale, systems identifiable as 
a marine bay. In between these two extremes lay a variety of 
different estuaries and lagoons. An added advantage of this approach 
was that o~ination was likely to provide a means of effectively 
communicating these results and to reveal certain inter-relationships 
between systems that may otherwise have been difficult to detect. 
Three systems in the study area were excluded from the analysis, 
these being the Sezela (as completely lifeless) and the VUngu and 
Zolwane (as untrawlable propositions). 
4.3.2 Ordination and clustering 
Decorana (OCA) was used to produce an ordination of the data in 
Table 16. The sample ordinations generated are shown in two (Fig. 10) 
and three (Fig. 11) dimensions. The resultant species ordinations of 
fishes (Fig. 12) and prawns and crabs (Fig. 13) were separated to 
avoid clutter. Ordination space partitioning (Fig. 14) was used to 
generate groups within the sample ordination (Fig. 10). 
OCA was also used to produce an ordination of the data in Table 12 
(Fig.lS) to compare this result with that achieved by o~ination of 
the data in Table 16 (Fig.10). Because of the importance of Figures 
10,12,13 and 14 to the ensuing discussion, these particular figures 
are separately available as "pull-outs" at the back of this thesis, to 
facilitate reference. 
In the initial interpretation of the above results, the 
relationship of the sample groups in Figure 14 to each of the 
environmental variables in Table I 7 will be examined. All of the 
subsequent figures (16-22) are therefore aimed at showing whether the 
variables selected had common, related or o~sing distributions 
within the key ordination (Fig.lO). 
Table 16. The occurrence of the 125 species caught during the study period in relation to their d1stribution within the study area. 
Al though included in the table, thuse systems arrowed ( .) were excluded from the t l.ncl aIlalysi,; fue the redso n stated J. ll 
the text (Sect. 4.3.1). 
MARINE fISHES 
Das yati: uarnak 
Elops maehnata 
Megalops eyprinoides 
Gilc hristella aestuarius 
Stolephorus commersonii 
Bothus panther inus 
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Fig.lO The ordination of 59 systems in Natal by detrended correspondence 
analysis, using the presence or absence data contained in Table 16. 
Axis 1 distinguishes closed systems from open systems. Based on 
the categorization of the above systems in Section 4.3.1, they are 
differentiated in the following way: 
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Axis 1 .. 
A three dimensional plot of the presence/absence data 
contained in Table 16. This allows the inter-relation-
ships between the 59 estuaries represented to be viewed 
in a different perspective, and is complementary to the 
sample ordination in Fig.lO. 
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Fig.12 The ordination of the fish species listed in Table 16 by 
de trended correspondence analysis. Axis 1 distinguishes 
freshwater species from stenohaline species. Three mis-
placed species were excluded because their chance associa-
tion in certain systems confuses interpretation. These 
were Diplodus sargus (a marine species that may occasionally 
be carried into a lagoon by overtopping of the bar), Caranx 
ignobilis (a single specimen of which was taken in the Tongati, 
whilst in an unpolluted condition) and AngUilla bicolor ( a 
catadromous species caught whilst in transit from sea to 
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Fig.13 The ordination of the prawn and crab species listed in Table 16 
by detrended correspondence analysis. Axis 1 distinguishes 
freshwater species from stenohaline species. One misplaced 
species (Potomonautes sidneyi) has been excluded because its 
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Fig.14 The sample groups defined by ordination space partitioning after 
ordination of the data in Table 16 by detrended correspondence 
analysis. Seven sample groups (A-G) and five outlying samples 
can be identified. The latter are not given group status because 
of the reasons given in the text on outliers in Section 4.3.4. 
Using groupings established in Section 4.3.1, Group A is taken 
to represent a river mouth; Group B comprises systems on the 
verge of river mouth transformation (see text) ;with the excep-
tion of four systems (two of which are undergoing river mouth 
transformation), Groups C, D and E (collectively grouped by a 
broken line) are recognisable as lagoons; Group F comprises 
estuaries (sensu stricto) and Group G is recognisable as a bay. 
The distinctions between each of the symbols used are common to 
Figure 10. 
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Fig.lS The ordination of 59 estuaries in Natal by detrended correspondence 
analysis, using the CPUE data in Table 12 (Chap. 3). Closed systems 
are distinguished from open systems along the first axis. The dis-
tinctions between each of the symbols used are common to Figure 10. 
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Table 17. A list of the environmental variables selected from 
the Appendix (unless otherwise indicated) to examine 
the distribution of each variable between the sample 
groups in Figure 14. 
Name Fig. 
Mouth condition 16 
Catchment size 17 









the state of the mouth in terms of whether it is 
normally open or closed, based on data varying 
from daily observations over periods of up to six 
years, sporadic observations, aerial phqtography 
and local sources of information. 
the area of the catchment grouped -into four size 
classes (Begg,1978). 
the area of the system grouped into four size 
classes (Begg,1978; plus revised estimates in 
the Appendix. 
the mean of the bottom salinity measurements* 
made during the study period grouped into five 
classes according to the 'Venice System' (Spada, 
1959). Marginal sites were excluded. 
the mean of the depth measurements made during 
the study period grouped into three classes. 
Marginal sites were excluded. 
the 'considered' mean** of the Secchi disc 
measurements made during the study period 
grouped into two classes. 
a subjective assessment of whether salinity 
stratification was normally present or absent. 
a subjective assessment of the principal sub-
stratum type (as defined in Table 7) based on 
the maps drawn of each estuary. 
* Bottom salinity, because the community data derived by trawling came 
from the bottom of the system. 
** Because the bottom of many systems was often visible, precise Secchi 
disc measurements were unobtainable , and this meant an arithmetic 
mean could not be calculated. For characterization purposes the • con-
sidered mean' is a figure estimated by averaging the data obtained 
from the middle reaches of each system on those occasions the state 
of the system (Table 5) was regarded as typical. 
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4.3.3 Gradient analysis 
a) Relation of sample groups to mouth coOOition 
Figure 16 indicates that an open mouth condition is strongly 
associated with Groups A,F and G, whereas a closed mouth condition is 
strongly associated with Group C, and to a lesser extent with Groups 0 
and E. The reasons for the association of 'open' systems in each of 
Groups 0 and E will be given in Section 4.3.4. In considering the 
influence of a single factor such as mouth condition, several other 
determinants must be taken into account. For excwple, mouth condition 
is a function of littoral drift, the geomorphology of the coastline, 
catchment size, mean annual run-off (MAR) and manaqement practices 
such as dam construction and breaching (Fig.l6a). 
littoral drift 
rainfall t '" 
, 
catchment size • (MAR) ~ I KX1m CONDITION I ~ geomorphology 
."" '" breaching dam construction 
Fig.l6a. Interactive diagram of the factors influencing mouth 
condition as a component of an estuarine ecosystem 
Each of these factors exert their own influence on mouth 
condition, and therefore can directly or indirectly account for minor 
variations in the sample positions in Fig. 10. 
Another hypothesis is that the relationship between tidal exchange 
and mouth condition is one factor that cannot be given enough 
emphasis, and yet there are no data available to support this point of 
view. Because of the time consuming survey work which measurements of 
tidal prism would require, no attention was given to this subject, but 
It is probable that if the volume of water exchanged on each tide 
could be quantified, most of the variation between sClllples in an 
ordination such as Fig.lO , could probably be accounted for with 
considerable precision. This is largely because of the relationship 
Fig.16 The relationship of the seven sample groups and 
five outlying systems in Fig.14 to mouth condition. 
Fig.l? The relationship of the seven sample groups and 
five outlying systems in Fig.14 to catchment size. 
------ ---
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which must exist between tidal exchange and the passive transport of 
organisms to and from the sea. Observation has shown for example that 
in certain systems, even while 'open', no exchange with the sea occurs 
even at high tide, as the water in the system remained outflowi~ 
throughout the observation period. 
b) Relation of sample groups to catchment size 
Figure 17 shows that large catchments ( > 1000 kJn1) are 
stronqly associated with Groups A and F, whilst small catchments are 
associ ated wi th Groups C , 0 and E. . '!here is a ' small to large 
catchment' gradient along the first axis of the sample ordination 
because catchment size and hence MAR directly influence the mouth 
condition, and therefore indirectly influence community composition. 
c) Relation of sample groups to system size 
Certain workers have suggested that larger systems are richer in 
species than smaller systems because of the greater variety of 
habitats within them. For example, OViatt et al. (Siegfried,198Ib: 
233) II found a two-fold variation in species richness and a ten-
fold variation in abundance of birds at intertidal marshes and 
showed that these variations were more dependent on the size of the 
marsh than any other factor." In the context of the present study a 
different interpretation of the 'area effect' is offered. 
'!here is a strong association between system size and the sample 
groups defined in Figure 18, because with the exception of the Lovu, 
Mkomazi and Mhlali, systems larger than 40 ha are oonfined to Groups F 
and G. For this reason there is a 'small to larqe system' gradient 
along the first axis of the sample ordination especially if it is 
recalled that the size of estuaries in Natal have become considerably 
reduced over the past 50 years as a result of sedimentation (Chap. 6) • 
Systems such as the Lovu and Mkomazi in Group F were therefore 
formerly much larger than indicated. 
fbwever, the correlation between the sample ordination and size 
in this study is indirectly caused by mouth condition because the 
larger systems (Fig .18) are characterized by larqe catchments 
(Fig.17). '!he larger the catchment the greater the run-off and 
therefore the increased likelihood of keeping the mouth open. Size is 
therefore a coincidental relationship in the ordination which is 
Fig.18 
Fig.l9 
The relationship of the seven sample groups and 
five outlying systems in Fig.l4 to system size. 
The relationship of the seven sample groups and 
five outlying systems in Fig.l4 to salinity. 
(using the "Venice System" after Spada, 1959) 
------ ---
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unlikely to have any direct effect on differences in community 
composition between the sample qroups. The poor species diversity in 
the Fata (Group C) (Fig.7, Chap 3) and its relationship shown in 
Figure 20, also tend to support this interpretation. 
d) Relation of sample groups to salinity 
So as not to impose any new concepts in a subject already as 
complicated as the classification of brackish water (Spada, 1959), the 
internationally accepted "Venice System" of distinguishing between 
different types of brackish water is used (Tables 10 & 15). The only 
deviation from the terminology adopted by the "Venice System" is 
replacement of the word limnetic (used to describe freshwater) with 
the term I potamonic I (used to mean flowing freshwater; Bowmaker, pers. 
comm.) since this describes the physical condition of river mouths in 
Natal with greater accuracy. 
Fig.19 suggests that Group A (Mvoti) is distinguishable from any 
other on the grounds that the system is potamonic, whereas Group G 
(Durban Bayhead) is clearly euhaline. The estuaries within Group F 
are strongly associated with polyhaline conditions. Within Groups C,D 
and E mesohaline systems are positively associated with Group D, 
but otherwise there is no marked association with salinity and anyone 
group • 
As in the case of mouth condition, a number of other interactive 
factors account for the salinity relationships in Figure 19. These 
mixing & circulation ~ 
~ ~ height above sea level 
mouth condit i on -. I SALINITY I ~ crest level of sandbar 
/ ~ J~~ 
I 
MAR catchment geoloqy? 
Fig. 19a. Interactive diaqram of the factors influencing 
salinity as a component of an estuarine 'ecosystem. 
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include mouth condition (plus all its interactive factors, Fig. 16a), 
the crest level of the sandbar, the relative height of the system 
above sea level, tidal influences and circulation. In the case of the 
Zinkwasi even the catchment geology may be havinq an influence on 
salinity relationships (Fig. 19a). 
By representing the relationships between estuary mouth condition, 
system size and salinity in three dimensions (Fig. 20), an attempt is 
made to show the type of relationships that multivariate analysis 
strives to reveal when using community data. This is done to emphasize 
that several environmental factors can simultaneously control 
conrnuni ty composition. Fig. 20 enables the distinction between open 
and closed systems, fresh and saline systems, and large and small 
systems to be visualized simultaneously. 
e) Relation of sample groups to water transparency 
Figure 21 suggests there is a strong association between 
reduced water transparency ( turbid conditions) and sample Groups A,B 
and F. This therefore seems to be a characteristic feature of river 
mouths and estuaries (which are served by large catchments ,Figure 17) 
or systems undergoing river-mouth transformation (Chap.6). 
The water in lagoons (Groups C,D & E) is generally clearer with 
Secchi disc measurements of over 100 Om as characteristic. The ratio 
of clear:turbid lagoons is higher in Group C (4:1) than in any other. 
The clarity of the water in Group G (Durban Bayhead) can be accounted 
for by its relatively great depth (dredged to 6,lm) and the limited 
inflow of water derived from land drainage. 
These are valid relationships which are readily discernible in the 
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Fig.2l The relationship of the seven sample groups and five 
outlying systems in Fig.14 to water transparency. 
Fig.22 The relationship of the seven sample groups and five 
outlying systems in Fig.14 to salinity stratification. 
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Fig.2la. Interactive diagram of the factors influencing 
water transparency as a component of an estua-
rine ecosystem. 
f) Relation of sample groups to salinity stratification 
Some clear correlations exist between the presence or absence 
of salinity stratification as an environmental variable, aOO the 
sample groups defined in Figure 22. 
Being comprised of estuaries (sensu stricto) stratified systems 
are a characterist of Group F, whereas Groups A and B are unstratified 
by virtue of their complete or partial transformation into river 
mouths. Q1 the other hand ,Group G (Durban Bayhead) is unstratified 
because it is basically a body of seawater aOO relatively little 
dilution by freshwater derived from land drainage occurs. 
Within the systems classified primarily as lagoons (Groups C,D and 
E) no correlation exists between stratification and any particular 
group, although within Group D the ratio of stratified to unstratified 
systems (1: 1) is hiqher than in any other. Generally speaking however 
I 
stratification is not characteristic of lagoons because mixing is 
wind-induced (Table 15). 
The interactions involved in an environmental relationship such as 
stratification are complex (Fig. 22a) because several factors such as 
mouth condition, circulation and salinity are involved. These are 
competing influences which tend to confuse interpretation of salinity 
stratification as an influential factor on community composition, 
where it is known for example to protect bottom-dwelling organisms 
that are intolerant of low salinities (Branch & Branch, 1981). 
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mouth condition 
"" MAR ~ , 




depth sandbar crest level 
Fig. 22a. Interactive diagram of the factors influencing 
salinity stratification as a component o~ an 
estuarine ecosystem. 
g) Relation of sample groups to depth and substratull type 
Although both these environmental factors were examined in 
the s~e way as the preceding ones, nei ther was shown to exert an 
important influence on the ordination in terms of community 
composition. This may seem surprising because depth has a bearing on 
several other factors such as oxygen levels on the floor of the system 
and water transparency (see under 'e'), while substrat\.ITI type is an 
important environmental influence in aquatic habitats (Hedgpeth,1967). 
However, an intrinsic limitation of the analysis was the information 
loss that occurred when attempting to reduced the variety of 
substratum types that occur in most of the systems surveyed (see 
Appendix) to a single substratum type for the purpose of gradieQt 
analysis. 
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4.3.4 Final interpretation of the key ordination (Fig.lO) 
DCA is an ordination technique that has been purposely developed 
to define the two most ecoloqically meaningful community qradients 
within the first two axes of an ordination. The first axis assumes a 
horizontal relationship through the ordination, and generally 
represents the most powerful of the qradients involved. The second 
axis is orthogonal to the first, and represents' the second most 
powerful gradient. In this section therefore generalities will be 
sought about species and community distibutions along environmental 
gradients. 
When viewed in terms of species space the 59 samples (or 
estuaries) depicted in Figures 10 and 11 are ordered along a community 
gradient with the Mvuzi at one end and Durban Bayhead at the other. 
The interpretation offered of this major gradient along the first axis 
of the ordination is variation in mouth condition, since those systems 
known to have open mouths are grouped together in close proximity to 
lAlrban Bayhead, whilst those at the opposite end of the gradient, and . 
known to be infrequently in contact with the sea (such as the 
Mahlongwana, M:Uotane and Mhlangamkulu for example) were closest to 
the Mvuzi. This interpretation is reinforced when mouth condition as 
an independent variable is examined in Section 4.3.3 (Fig. 18). 
A second competing influence in the ordination is variation in 
salinity (Fig.19, Sect.4.3.3). In this case the Mvoti (which is 
completely fresh) is at one end of the scale and Durban Bayhead (with 
a bottom salinity averaging 31%0) is at the other. The fact that 
this gradient takes the form of a diagonal through the ordination 
confirms that mouth condition and salinity are closely related 
interactive factors (Fig.19a) but salinity is not as powerful an 
influence as estuary mouth condition. This is understandable on the 
grounds that physical processes such as the volume of water exchanged 
on each tide are more dominating influences in an ecosystem of this 
nature, than factors such as the salinity of the water being exchanged 
(Pritchard, 1967). 
When viewed in terms of samples space, the 121 species depicted in 
Figure~ 12 and 13 are also ordered along a community gradient with 
freshwater species (such as Clarias gariepinus) at one end and 
stenohaline species (such as Lactoria cornuta) at the other. 
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The interpretation offered is that the species are ordered along 
this axis on the basis of their salinity tolerance. Freshwater 
species occur at one end of the axis, stenohaline species at the 
other, and euryhaline species in between. It follows that t~ 
gradient is a direct reflection of the osmoregulatory abilities of the 
species involved*. 
Naturally, certain species will reach the limits (or optima) of 
their salinity tolerance along the gradient , and be replaced by other 
more tolerant species. This is known as a species "turnover" (Gauch, 
1982), but overall, community variation is continuous , and when the 
sample ordination (Fig.10) is compared with the species ordinations 
(Figs. 12 & 13) the two are clearly governed by the same determinants, 
namely mouth condition and salinity. 
If the overlays of Figures 12 and 13 (which are provided as pull-
outs) are superimposed upon Fig .14 , another important ' feature in the 
species ordinations is that the region of greatest diversity is 
confined to the right hand side of the ordination, whereas the 
opposite occurs in the sample ordination. The reason for this is 
discussed in Section 4.4, but in essence means that open systems (on 
the right hand side of the ordination) are species rich because of 
utilization by species of marine origin. 
* '!he most surprising of the various associations shown is perhaps 
Micropterus dolomieu (smallmouth bass) as this is a species not 
normally associated with brackish water. This fish was nevertheless 
tnken in 16%0 from the Zotsha Lagoon (see Appendix). 
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4.3.5 Final interpretation of Figure 15. 
Ordination of the data contained in Table 12 also 
produced a readily interpretable result (Fig.lS) although outwardly 
dissimilar to the ordination based on presence/absence data (Fig.IO). 
The systems remained clearly ordered along the first axis 
according to variation in mouth condition, with closed lagoons (in 
this case epitomised by the Kaba) at one end, and rurban Bayhead as an 
open system at the other. This particular arrangement of the samples 
is considered to be most realistic because estuaries such as the Lovu, 
Mtwalume, Mpambanyoni and Tbngati, . which suffer from mouth closure are 
all placed slightly to the left of an obvious zone of discontinuity 
in the ordination that may well separate functional estuaries (i.e. 
functional as a nursery area for marine species) from less-functional 
estuaries and lagoons. Furthermore, closed systems such as the 
Zinkwasi ~e realistically placed, as well as open systems such as the 
Mvoti. 
The primary difference between the two ordinations lies in the 
fact that only the sample arrangement along the first axis is 
ecologically meaningful. In other words, the salinity gradient along 
the second axis of Figure 10 is not discernible in Figure 15. 
One of the most noticeable shifts is in the position of the 
Msimbazi. This is because abundance values have been used, and so the 
most abundant species present (namely Oreochromis mossambicus and 
Glossogobius giurus, (see Table 40, of the Appendix) account for its 
association with systems such as the Fafa, in which these species are 
equally abundant. On the other hand, using presence/absence data 
(Fig. 10) the Msimbazi occupies a borderline position close to the 
ecological watershed that separates estuaries from lagoons on the 
basis of community composition. This seems attributable to its 
relatively high salinity (see Appendix). 
If the data expressed in Table 14 (Chap.3) is transferred to 
Figure 15 the opinion given in Chapter 3 that certain species are more 
common in clos~ systems than they are in open systems is strengthened 
(Fig.23). There is a distinct gradient in the relative abundance of 
the four lagoon-associated species specified in Table 14 along the 
first axis of the ordination. The magnitude of this gradient ranges 
from abundance values (expressed as a percentage of the total catch) 
of 98% at one end of the first axis to 1% at the opposite end of the 
Fig .23 The comparative proportions of four common lagoon-associated species 
(Gilchristella aestuarius, Glossogobius giurus, Oreochromis mossambicus 
and Rhyncoplax bovis) expressed as a percentage of the total catch 
(Table 14) in relation to the sample arrangement in Figure 15. 
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first axis. This is a direct reflection of the effect of mouth 
closure on the relative abundance of those species capable of 
completing their life cycle within the confines of a closed system. 
Having offered an explanation for the two major environmental 
influences in both ordinations, the inter-relationships between each 
system can now be meaningfully discussed. 
Group A 
A sample more different in terms of its community composition to 
any other is the Mvoti. This system assumes a position of its own in 
the top left hand corner of the ordination (Fiq.lO), and is designated 
as Group A (Fig.l4). 
It will be recalled that having been infilled by sediment, the bed 
level of the Mvoti lies above sea level and in this condition it is 
atidal (see Appendix). It has also become shallow and potamonic 
(Fig.19). Since the Mvoti drains a large catchment measuring 2 651 
~, a constant flow of fresh (albeit polluted) water normally 
maintains the mouth in an open condition (Fig.l6). On these grounds 
alone the Mvoti differs from any other system studied, but as a result 
is equally distinctive from a biological point of view (refer to 
overlays of Figs.12 & 13, in conjunction with Fig 14). The organisms 
associated with the Mvoti such as ~ qariepinus, aarbus viviparus and 
MacrObrachium petersi are freshwater species, which exist in the Mvoti 
because of the lack of any marine influences. They are indicative of 
an environment totally dissimilar to an estuary such as the Mgeni for 
example. 
On the grounds that systems such as the Mvoti are ecologically 
distinct and to prevent any ambiquity,and more importantly, for 
management, research and conservation purposes, it is therefore 
reconmended that in Natal this type of system be recognised as a RIVER 
I 
MOUTH, thus confirming the provisional classification (Sect.4.3.l.) 
based on environmental variables. Day (1981) makes precisely the same 
distinction when describinq the Orange (on the west coast of South 
Africa) and the TUqela. 
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Group B 
A group of systems apparently more similar to the Mvoti River 
mouth than any other is the Mkumbane, Mzimayi and Mzumbe (Group B) • 
All three systems are shallow ( see Appendix), unstratified (Fig. 22 ) 
and characterized by water of low transparency (Secchi < 100 em, 
Fig.21) • 
In reality, the community structure and physical condition of the 
Mzumbe is more similar to the Mvoti than either the Mkumbane or 
Mzimayi (Figs 16,18,21,22 and 23) and so for classification purposes 
it is recommended that the Mzumbe be regarded as a river mouth. It 
differs from the Mvoti in terms of community composition because of 
periodic mouth closure, intermittent periods of salinity 
stratification in its lowermost reaches, and the existence of an 
atypical backwater (comprising a pool isolated from the main channel 
behind the northern bridge embankment (grid ref .0912, Fig. 70, in the 
Appendix) • 
What is important about this groupinq is the fact that field 
observations suggest that all three systems are on the verge of river 
mouth transformation (see Appendix and Sect.4.4) having been grossly 
infilled by sediment. Therefore, the Mzimayi and fokumbane have lost 
their association with the lagoonal group (see below) and the Mzumbe 
has long since lost its identity with the estuary group (Group F). 
In summary, all three systems are most realistically placed in the 
ordination. This demonstrateR the sensitivity of multi-variate 
analysis, and shows that by examining community structure DCA provides 
a far deeper insiqht into the nature of these systems than provided by 
the provisional classification. 
Groups C, D & E 
Wi th the except ion of the ~ambanyoni (in Group D) and the 
Mtwalume (in Group E) seventy percent of the systems comprising the 
rest of the data set lie within a reqion of the ordination 
distinguishable on the basis that contact with the sea is 
discontinuous (Fig.l6) and their salinity normally encompasses both 
oligohaline and mesohaline ranqes ( Fig .19 ) • The exceptions to this 
general rule are discussed below, but according to the Cbncise Oxford 
Dictionary (1951) Ita stretch of salt (or brackish) water parted from 
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the sea by a low sandbank ••• " i.s described as a lagoon. '!he Natal 
coastline is also a region which is internationally recognized as 
l aqoonal by l.eont'ev & Leont' ev and Gierloff- Elnden (Barnes,1980:'2) 
because of sand movement in the littoral zone (estimated at 600,000 ~ 
per annum SWart ~rs. comm.) • '!his in turn is due to the high 
energy dissipated by waves along this particular bit of the African 
coastline. It is also clear that without exception these systems lie 
at the end of relatively small catchments (generally :>1000 k~ in 
extent, Fig. 17). The run-off f rom catchments of this size therefore 
appears to be inadequate to maintain the mouth in an open condition, 
and so lagoons are also distinguishable from a hydrological/hydraulic 
point of view. Finally, this type of coastal feature is biologically 
distinctive because, with reference to the species ordination (refer 
t o the overlays of Figs 12 & 13) the systems distinguished in the same 
region of t he semple ordination (Fiq .14) are characterized by 
relatively few species. Furthermore, these species are recognized as 
being able to complete their life cycle within the confines of a 
closed system, and thus have become independent of a requirement such 
as access to the sea. For example, species 
mossambicus, Glossogobius giurus, Gilchristella 
bovis and Macrobrachium equidens lie within 
such as Oreochromis 
aestuarius, Rhyncoplax 
this region of the 
ordination. '!he relative abundance of four of these particular 
species in closed systems has also been emphasized in Table 14,Chapter 
3. It is therefore reconmended, for the same reasons given earlier 
that this type of system in Natal becomes recognised as a LAGOON. 
Rigid compartmentalization however does not occur in nature 
(Barnes, 1980 ) and especially so when a continuum of variation, or 
gradient in community composition (or coenocline) is involved such as 
that in Fig. 10, and when systems such as the lagoons of Natal are so 
numerous. Considerable intergradation occurs, but the key 
determinants of the community structure wi thin each system, remain as 
factors related to mouth condition and salinity, as will become 
apparent from the discussion of each group below. 
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Group C 
Ranked along the first axis the systems comprising Group C 
are the tlnhlangankulu, Mhlangamkulu, M:Uotane, Mahlongwana, ~lungwa, 
Mfazazana, Mzinto, Dcrnba, Koshwana, Fafa, Kongweni, ~C¥1lfu, Kaba, 
iNtshambili and Uvuzana. 
All of these are normally closed (Fig. 16). Six of the 15 systems 
represented are oligohaline, whereas nine are mesohaline (Fig. 19). 
Wi th the exception of the Fafa, they are also all smaller than 10 ha 
in size (Fig.18). Stratification is only characteristic in four of 
the systems listed (Fig. 22), and within 12 of them light penetration 
is normally greater than 100 cm (Fig. 21). 
Group C is also realistic, although the iNtshambili is a lagoon 
that outwardly appeared to differ from any other in the study area. 
This is because the iNtshambili was found to be markedly affected by 
the swamp forest that surrounds it, through leaf-fall and 
macrodetrital loading. These materials discolour the water and 
indirectly create marked oxygen deficiencies (see Appendix). 
Another feature common to five of the systems in Group C is the 
presence of submerged macrophytes such as Najas marina and Potamogeton 
pectinatus. 'The same five systems are all oligohaline, and so this 
plus the static water level in each, seems to be conducive to the 
development of these particular plant communities. 
In conclusion, the ~ovisional classification of these systems as 
laqoons in Sect. 4.3.1. is confirmed by multi-variate analysis of 
convnunity data. 
Group D 
Ranked along the firs t axis, the systems comprising Group D 
are the Boboyi, Mvutshini , Ku-Ebboyi, Seteni, Mpambanyoni, Nonoti, 
Ngane, Kwa-Makosi , Kandandlovu, Mtentweni , Mhlangeni , Zotsha and 
Mbizana. 
It is normal for the mouth condition of the systems within this 
group to be closed (Fig 16), but wi thin Group D are two systems which 
can be regarded as open under extenuating circumstances. Also, with 
the exception of two systems they are all smaller than 10 ha in size 
(Fig. 18) and t he ratio of mesohaline to oligohaline systems is 
greater in Group D (2.25:1) than in either Group C (1.5:1) or Group E 
(l: 1) (Fig .19) • A possible • misfi t' in Group D i s the Nonoti , because 
107 
it is oligohaline and ,in addition, noted for the presence of 
submerged macrophytes. These plants are not characteristic of the 
other two oligohaline systems in Group D, but nevertheless suggest 
that the Nonoti has several affinities common to Group C. 
The two open systems referred to are the Boboyi and the Mpamban-
yoni. The extenuating circumstances particular to these systems are 
that the Boboyi is a system perched above sea level and the I open I 
rnouth is really an overflow channel maintained artificially by the 
backwash from the filters of the LSCRWSC (see Appendix). Because it 
is atidal, but saline ,its f auna is lagoon-associated. Consequently 
there is good reason to suggest that the system should be recognised 
as a lagoon, and not as an estuary as initially suggested in the 
provisional classification. 
In the case of the Mpambanyoni however, the system is estuarine 
by definition (Table 15) but only partially so in terms of community 
structure (Table 55, in the Appendix) due to the effects of periodic 
mouth closure and acute sedimentation. For classification purposes 
therefore the fot>ambanyoni should still be regarded as an estuary, but 
one that is tending towards river mouth transformation (Chap. 6 ) and 
hence has lost its identity with the estuary qroup (Group F). The 
proportion of lagoon-associated species (Fiq. 23) is reflective of 
this transition, as well as its relative position in Figure 10. 
With the exception of the two systems mentioned above, analysis 
of the community data from the systems comprising Group D therefore 
largely confirms the provisional classification of these systems as 
l agoons in Sect. 4.3.1. On the basis of its community structure 
however, it would appear justifiable to regard the Boboyi as a lagoon 
and not as an estuary. 
Group E 
Ranked along the first axis the systems comprising Group E 
ar e the Li t t le Manzimtoti, Mdesinqane, Mbango, Manzimtoti, Bilanhlolo , 
Mbokodweni , t-tllabatshane, Mhlanga, Sipingo, Msimbazi, Mtwalume, 
Mahlonqwa , Mdloti, fot>enjati and ur-gababa. 
These systems are broadl y s imilar to those in Groups C and D, 
but are of particular interest because of t he transitional position 
some of them occupy in the ordination between those systems regarded 
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as lagoons and those regarded as estuaries (Group F). 
As in the case of the ~banyoni in Group D , the Mtwalune occurs 
within Group E as an estuary which is losing its association with the 
Group F because of periodic mouth closure (a resul t of bridge 
construction) and river rrouth transformation (a result of sedimenta-
tion). In the likely evolutionary sequence of events that occur 
the Mtwalume therefore seems to be realistically placed in the 
ordination as an estuary undergoing river rrouth transformation. 
Two other systems that warrant special mention are the Mpenjati 
and the M::iloti, both of which are lagoons in which the mouth conch tion 
is interfered with by breaching (see Appendix). This enhances 
utilization by estuary-associated species, and so their proximity to 
the estuary Group F is to a certain extent considered as artificial. 
The Mhlabatshane also occurs within Group E as an estuary 
(according to the provisional classification) but as a lagoon if its 
community structure is taken into account (Fig. 23). What is 
significant is that the open rrouth condition of the Mhlabatshane is 
artificially maintained (see Appendix). This also accounts for the 
polyhaline nature of this lagoon (Fig. 19). The p:>lyhaline nature of 
the Sipingo on the other hand is due to freshwater diversion and 
evaporation. Exchange with the sea in the Sipingo is in fact 
restricted .to two concrete pipes (see Appendix). 
The p:>sition of the Msirnbazi and Mahlongwa should be noted because 
both are remarkably saline lagoons ( 15%0). What is of particular 
interest is the different p:>sitio~ the Msimbazi occupies in species 
space when CPUE data (abundance values) are used (Fig. 15), thereby 
showing its lagoonal status in another perspective. 
In conclusion, with the exception of the Mhlabatshane and the 
Mtwalume, analysis of the community data from the systems comprising 
Group E confirms the provisional classification of these systems as 
lagoons ( Sect. 4.3.1. ) • en the basis of its conmuni ty structure 
however, there is good reason to sugqest that the Mhlabatshane is not 
an estuary, but a lagoon, and in spi te of its mouth being maintained 
artificially in an open condition. 
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Group F 
'!he systems comprising Group F are the Mtamvuna, LDvu, 
Mzimkulu, Mhlali, Mkomazi and Mgeni. 
These are distinguishable on the grounds that each were broadly 
similar in terms of their community structure. '!he community 
composition of these systems was considerably more complex and 
distinctly different to that of lagoons (refer to overlays of Figs 12 
& 13). A far greater variety of organisms are encountered in this 
region of the species ordination than anywhere else, am more 
importantly many of these are regarded as being of economic 
significance to man. They include popular angling species of fish 
such as ~rosomus ho101epidotus, Pomadasys commersonii and 
Rhatxiosargus ho1ubi; as well as commercially important prawns such as 
\ Penaeus indicus and P. monodon, and crabs such as Scylla serrata. 
Clearly these systems are those supportive of the species regarded by 
so many authors as estuary dependent (Wallace ,1975; de Freitas ,1980; 
Day,1981) am thereby fulfilled a nursery function as far as 
recruitment of marine stocks is concerned. 
A number of abiotic features also distinguish this sample group 
from any other. Tb begin with the mouth condition is normally open 
(Fig.16);with one exception, the salinity regime is polyhaline 
(Fig.19); salinity stratification is characteristic (Fig.22): water 
transparency is low (Fig. 21) and, with one exception they are 
relatively large bodies of water (:>20 ha, Fig.18) because (with two 
exceptions) they lie at the receiving end of large catchments ( :>1000 
kJn2 in size (Fig.17). 
Elsewhere in the world these are the sort of biotic and abiotic 
characteristics attributed to ESTUARIES (Cameron & Pritchard,l963; 
Douglas & Stroud, 1971) and so to prevent any ambiguity it is 
recommended that the same word be used to describe such systems in 
Natal. '!his may seem a trivial distinction to make,until one realizes 
how few of the 62 systems studied fall into this category; how many 
systems are on the verge of losing identity with Group F, or have 
already lost it. 
Certain of the associations in Group F such as the apparent 
similarity between the Lovu and Mzimkulu are not regarded as valid, 
because unlike the Mzimkulu, the mouth of the Lovu Estuary often 
closes. '!heir relative positions in species space are better 
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represented when viewed in three dimensions (Fig.H). Within this 
Group, the provisional classification of the six systems concerned as 
estuaries has been confirmed and strengthened by the strong 
similarities in communi ty structure. 
Ckoup G 
The last sample group in the ordination is Group G, which 
comprises Durban Bayhead. This system represents the endpoint in the 
continuum of variation between river mouths, lagoons and estuaries in 
the study area, aoo is considered aptly named as a BAY (or inlet) of 
the Indian Ocean. 
Durban Bayhead is distinguished by its euhaline salinity regime 
(Fig 19), aoo in terms of community structure (refer to overlays of 
Figs 12 & 13) by stenohalinE species such as Portunus pelagicus , 
Lactoria cornuta and Arothron hispidus, all of which are species 
commonly found in the sea. This biotic response confirms the 
provisional classification of Durban Bayhead as a bay in Sect. 4.3.1. 
())tliers 
Five systems within the ordination lie beyond the clusters defined 
as Groups A-G. These are the Mvuzi, Tbngati, Tbngazi, Sandlundlu and 
the Zinkwasi. 
The dissimilarity of the Mvuzi is caused by the trawl recovery of 
a single Megalops cyprinoides in the system (Fig. 12). When abundance 
values are used (Fig. 15) the influence of this species in the 
ordination is lost, and the Mvuzi assumes a more realistic position in 
association with closed systp-ms such as the Damba and Mhlangamkulu, 
and therefore should be classified as a lagoon. 
The Tbngati should be classified as an estuary despite the fact 
that it does not associate with the estuary Group F. It cannot be 
expected to do so when it is normally so polluted there is no 
resemblance between the two in terms of community structure (see 
Appendix). Just as significant is the fact that when rid of the 
pollutants in the system (by means of a flood in September 1980) 
estuary-associated species were quick to return to the system for a 
few months (Table 14, in the Appendix). Cl'lce the 'lbngati Estuary 
becomes polluted its aberrant nature therefore causes the system to be 
outlying of its true position in the ordination. 
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Sampling of the Tbngazi was never regarded as satisfactory because 
of the rocky nature of the bottom (see Appendix), and this could 
account for the placement of the Tbngazi amongst a group of lagoons. 
Until further data can be obtained, the decision made is to regard the 
Tbngazi as an estuary for classification purposes, but sight should 
not be lost of the fact that the mouth is severely throttled by sand, 
thereby reducing tidal exchanqe. This physical feature of the system 
could have exerted sufficient influence on community structure for the 
Tbngazi to have been accurately portrayed in the ordination as a 
lagoon. 
The Sandlundlu is regarded as very much of a borderline case, but 
for the purposes of classification is ,at this stage, also regarded 
as an estuary on the grounds that its community structure (see Table 
127, in Appendix) and its prevailing mouth condition are estuarine.The 
latter is however an assumption based on hears"lY (van D.lyn, pers. 
comn. ) and may in time be shown to be otherwise. In this case, like 
the !bngazi, the Sandlundlu may in fact have been accurately portrayed 
as a lagoon. 
The outlying position of the Zinkwasi is almost certainly related 
to its abnormally high salinity (Fig. 19) • This may well be due to the 
crest level of the sandbar across the mouth being at a lower elevation 
than elsewhere on the coast, and hence permit more frequent 
overtopping of the bar at high tide. It may also have something to do 
with the geology of its catchment, since the conductivity of the 
Zinkwasi River is higher than any other in Natal (Brand et al.,1967). 
The geographical location of the Zinkwasi, may also partly account for 
its different community structure, because it is the most northerly of 
all the systems studied, and therefore closer to the TUgela Bank than 
any other. Whatever the reason, the high salinity of this system means 
it can support a greater variety of estuary-associated organisms than 
many other similarly closed systems. It is the only example of a 
system which, in spite of the community structure being markedly 
estuarine, in my view, should still tentatively be classified as a 
lagoon because of the relatively high proportion of lagoon-associated 
species (Fig. 23) within the community, and its closed mouth condition 




Because of the inherent complexity of community ecology, 
the interpretation of any ordination is naturally reliant upon an 
appreciation of the subject that only the investigator can be expected 
to provide. Just as in the choice of the ordination technique, this 
means that a certain anount of subjecti vi ty is unavoidable, but this, 
I feel is justified in light of the preceding interpretations. 
'!he distinction between bays, estuaries, lagoons and ri vermouths 
appears to be valid, and adoption of these terms in Natal is therefore 
recommended. By using DCA for the ordination of selected data from 
the Appendix a distinct coenocline related to gradients in certain 
environmental features is discernible. The most influential of these 
is variation in mouth condition and salinity. These community 
gradients (Fig. 23) lend considerable support to the null hypothesis 
in Chapter 2 that "not all estuaries in Natal perform the sene 
ecological function", as well as to the provisional classification 
postulated in Table 15. In view of this, an improved method for 
classifying "estuaries" in Natal is proposed (Table 18). Herein 
certain environmental variables (such as mouth condition, salinity and 
the tidal prism) are used in conjunction with the community structure 
of each system. Accordingly, slight modifications are made where 
necessary to the listing of the systems in the study area in Sect. 
4.3.1. '!hese are based on a reclassification of certain systems using 
Table 18 instead of Table 15 as well as the relative position of 
certain systems in Figure 10. The resul ts are presented belCM : 
BAY Durban Bayhead 
ESTUARY (functional) 
r-tllali, M;Jeni, Lovu, M<omazi, Mzimkulu, Mtamvuna 
(semi-functional) 
Tbngati, Tbngazi, Sandlundlu 
(verging ~ river mouth transformation) 
M[x¥nbanyoni, Mtwal une 
Table 18. A r evised basis for the classification of "estuaries" in Natal. 
COASTAL ENVIRONMENI'AL VARIABLE COMM.JNITY STRUCIURE 
FEATURE Mouth T1dal Mixing SalinitY* (typical genera) Condition prism mechanism 
euhaline Amblyrhynchotes; 
Leiognathus. 
BAY permanen- large tide Harpilius; Penaeus seniisulcatus tlyopen (rv 30%. ) Portunus; Dehaanius 
Rhal:x:losargus ; Pomadasys polyhaline ESTUARY open moderate tide 
(N 30- ..... 18%. ) Penaeus monodon, P. j aponicus,Upogebia 
Scylla; Hymenosoma 
("-' 18- '" 5~) Oreochromis; Glossogobius mesohaline LACDCl'J closed small wind -o1.1gohaTine- Macrobrachium equidens 
Rhyncoplax; Varuna ('" 5- 1\# 0 , 5%. ) 
potamonic Clarias; Barbus river RIVERMOUI'H open absent or fresh Macrobrachium petersii flow ( ~ 0,5%0 ) Potamonautes 





































Zinkwasi, Nonoti, Mdlotane, Seteni, Mdloti, Mhlanga, 
Sipingo, Mbokodweni, Manzimtoti, Little Manzimtoti, 
Msimbazi, u~ababa, ~ane, Mahlongwana, Mahlongwa, 
Mzinto, Mdesingane, Fafa, Mvuzi, Mnamfu, KwaMakosi, 
Mfazazana, ~lungwa, M1labatshane, iNtshambili, 
Koshwana, Damba, Mhlangamkulu, Mtentweni, t-bango, 
Ibboyi, ZOtsha, Mhlangeni, Konqweni, Uvuzana, 
Bilanhlolo, Mvutshini, Mbizana, Kaba, Umhlangankulu, 
Mpenjati, Kandandlovu, Ku-boboyi. 
(verging ~ river mouth transformation) 
Mzimayi, Mkumbane 
Mvoti, Mzumbe 
Due to the lifeless condition of the Sezela, the system is 
unclassifiable on the basis of community structure, and is regarded as 
a non-functional lagoon. Until such time reliable community data is 
forthcoming, the Vungu has been tentatively classified as an estuary, 
and the Zolwane as a lagoon, on the basis of their physical 
characteristics. 
4.4 DISCUSSION 
Until recently (Begg,l978; Noble & Hemens,1978) no real effort 
has been made in South Africa to distinguish for example, between 
estuaries and lagoons, as the two terms are used very loosely by most 
workers (Wallace,1975; Whitfield,1979, Day, 1981) in the belief that 
there is no real difference between them. 
'!he term IG¥::Joon seems to be used most often by Day (1981) to 
describe a broad, shallow expanse of quiet water such as Langebaan (on 
the west coast of South Africa) and Richards Bay (in northern Natal); 
or to describe the expanded part of an open estuary such as Knysna (in 
the eastern Cape) and temporarily closed estuaries such as Hermanus 
(in the S. E. Cape) . '!he terms 'estuary' and 'lagoon', are also used 
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(even in the same paragraph) to describe systems such as the Fafa and 
Mhlanga, and there are examples of the same system being referred to 
as an estuary, a vlei, rivermouth and lagoon all within the samer 
publication (Morant & Grindley, 1982). 
Most people find this confusing to say the least (Reddering,1980) 
especially as sandbar development opposite the mouths of rivers along 
high energy coastlines is widely recognized (DaY,198l) and for this 
reason 17,9% of the African coastline was classified as lagoonal by 
cromwell (Barnes,1980:l). However, Day (pers.comm.) sees little point 
in rigidly defining the word 'lagoon' but sees merit in incorporating 
those systems blocked by wave-deposited sediments into an all encom-
passing definition of the word 'estuary' by amending cameron and 
Pri tchard 's defini tion to read" an estuary is a partially 
enclosed coastal body of water which is either permanently or 
periodically open to the sea, and within which there is a measurable 
variation of salinity due to the mixing of seawater with freshwater 
deri ved from land drainage." (Day, 1980; Anon., 1983 ) . 
'!his would be an acceptable compromise were it not for the results 
of this study, and the well known fact that the utilization of closed 
systems by marine organisms is reduced (Scott et al. ,1952; 
fbdgkin,l980; Branch & Branch,198l) .'!hus, by including closed systems 
into the definition of an estuary,the popular concept of estuaries 
being of indispensable value to a great variety of marine organisms 
(Douglas & Stroud,197l; Heydorn,1973; Wallace,1975) would cease to 
have any validity if both "permanently and periodically open" systems 
were called the same thing. 
For example, the clear distinction between the communities 
occupying the Mvuzi and the ~eni (Fig. 10), is on analysis, due to 
the fact that the former is normally closed and the latter is normally 
open, and because the biota in each have synthesized the environmental 
variables involved into one common response. 
Because the determinants which dictate whether any "partially 
enclosed coastal body of water" remains open or closed to the sea are 
physical forces (nCl'llely fluvial, tidal and wave-induced processes) the 
classifications adopted by coastal geomorphologists (Jennings ~ 
Bird ,1967; Qrme ,1974; Lankford, 1977; Hoes ,1979; Reddering & 
Esterhuysen, 1982) are entirely within keeping of that proposed by 
Cameron and Pritchard (1963), and that proposed in Table 15. Cbnmon 
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to them all, whether physical, chemical or biological, is the funda-
mental requirement of "free connection with the sea" • From a 
biological point of view this means that the estuary in question is 
subjected to reqular tidal exchange, and through this process marine 
utilization of the system is enhanced, and the nursery function of 
estuaries is fulfilled. 
On the evidence presented in this Chapter, the results of DCA, 
and the information in the Appendix, it is difficult to accept that 
the Amahlongwana is an estuary when it has remained closed to the sea 
for all but 24 days of the past four years; or the Mvoti as an estuary 
when the salinity is consistently zero; or the Fafa when curled 
pondweed (Potamogeton crispus) and waterlilies grow within it; or the 
Mvuzi when 97% of the animals caught therein are resident species 
which do not require access to the sea (Fig. 23) ; or yet alone the 
Sezela which is so grossly polluted that the only living organisms in 
it are rat-tailed maggots. 
On the other hand designation of the Mgeni as an estuary is 
acceptable, because of its open rrouth condition, dynamic salini ty 
regime and marine-associated fauna. Of particular significance is 
the fact that remarkably few of the systems surveyed on the Natal 
coast during the course of this study can be regarded as estuaries 
(sensu Cameron & Pritchard,1963).The necessity to distinguish between 
estuaries, river mouths, lagoons and bays (Table 15) has nothing to do 
with semantics, nor is i t of theoretical interest, and nor is it a new 
concept (Barnes, 1974 ,1980) . On the other hand, the paucity of 
functional estuaries has an important bearing on the recruitment of 
estuarine dependent marine species (especially those of importance to 
man) estuarine degradation, resource evaluation and estuary 
conservation along our coastline (Chap . 6). 
The fact that lagoons such as the Mdloti and uMgababa may briefly 
assume estuarine characteristics whilst open, is not re:;Jarded as 
sufficient evidence to classify the ~;ystem as a functional estuary. 
Barnes (1980) has stressed that lagoons are rarely completely isolated 
from the sea, and ha..c; recognized that there is an evolutionary 
sequence in habitat types in the coastal zone. These grade from semi-
enclosed marine bays, through estuaries and lagoons to freshwater 
coastal lakes. This idea has also been expressed by Koop et ale 
(1983) since their studies of the Bot River in the southwestern cape, 
117 
where, having come to recognize the signs of the system losing its 
identity with true estuaries, consider it to be evolving into a 
coastal lake. More importantly, however, Barnes recognized that 
through man's activities this evolutionary trend can be altered. 
Whilst discussing the merits of estuary classification, Siegfried 
(1981a) clearly envisaged the same thing when he described the 
continuum of variation between " •.. the perfect estuary at one extreme 
to something that is no longer an estuary at the other extreme." The 
results of this study (Figs 7 & 10) and the opinions of Gladson (1981) 
confirm these points of view. 
In the Appendix and throughout this Chapter attention has been 
drawn repeatedly to the transformation of estuaries into river mouths 
(Mvoti); or systems that are on the verqe of such transformation 
(Mpambanyoni) or threatened by tronsformation possibly before the turn 
of the century (Mkomazi) by continued infilling of the estuary basin 
by sand and silt (Chap.G). The process of transformation from lagoon 
to swamp has been witnessed (Mzimayi) as well as the process of 
transformation from a functional laqoon to a non-functional lagoon as 
a result of pollution (Sezela) and river diversion (Sipingo). 
An important conclusion that can be drawrl from the data presented 
in this Chapter is that the biota (in this case caught by a small beam 
trawl) do indeed synthesize whatever environmental variables are 
involved into one common response and consequently can be used as an 
indirect but effective means of classifying the variety of habitats 
that occur along the coastline of Natal as either rivermouths, 
lagoons, estuaries or bays. There also seems to be no reason why this 
approach cannot be adopted for the same purpose elsewhere along the 
South African coastline or, for that matter, have application 
elsewhere in the world. What is equally significant is that it is 
possible to go a long way towards achieving such a classification 
without it being essential to employ sophisticated computer facilities 
and ordination programs. All that is really necessary is a good 'old 
fashioned' ecological understanding of these coastal systems to 
achieve the classification proposed in Table 18. Multivariate 
analysis can then be used to verify the classification and refine it. 
These techniques help to reveal the underlying structure of the data, 
and facilitate detection of the dynamics and interrelationships 
involved within and between each system. 
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Finally, this study does not pretend to be a definitive work on 
Natal's estuaries, nor the last word on the subject of estuary 
classification, because it is based on the limited G¥1lOunt of 
information collected during a three · year study period, and in the 
event of a wet cycle developina in the 1990's (Tyson & Dyer ,1978; 
Maud, 1980) what are lagoons today may become estuaries tomorrow • . 
What this study does do however, is to provide an initial resource 
evaluation for each system, to provide a solid foundation upon which 
further information on any of the systems studied can be added 
(Chap.S), and to provide a basis upon which systems further afield 
(north of the 'I\.1gela and south of the Mtamvuna) can be incorporated. 






Chapter 4 deals with the interrelationships between each system 
and the total species complement in each was used to demonstrate these 
relationships. However, another use of the ordination of 
data is to establish the degree of stability of each 
c<X1lrmmity 
system by 
comparing the ordination position (or score) of each sample taken, to 
preceeding samples from that system. 
This describ~s the-extent to which community composition varies on 
a tempor al basis ( Sect. 5.1) and enables changes in communi ty 
composition to be detected as a result of environmental changes. For 
example, these may be when closed systems open, or when floods occur. 
Just as the effects of natural perturbations such as these are 
revealed, the effects on community structure by unnatural 
perturbations such as pollution can also be assessed. Furthermore, 
changes in terms of spatial differences above and below some man-made 
obstruction such as a freeway (in the uMgababa for example) or a weir 
(as in the Mdesingane) can be demonstrated by multivariate analysis 
(Sect.S.2). SUch techniques also enable differences between habitats 
within an estuary (e.g. backwaters) to be examined independently of 
any other within the same system. 
Multivariate analysis is commonly used in pollution studies 
(Gauch,1982). For example, Green and Vascotto (1978) discuss the 
benefi ts of using zooplankton frf~ , n 34 lakes in O1tario as a means of 
measuring and rronitoring p:>llution. Arfi et~. (1981) also use 
ordination of zooplankton as a m(~dnS of showing changes in community 
structure in an area off the French coast which is exposed to sewage; 
and Hamer and Soulsby (1980) have applied multivariate analysi~ to the 
biological monitoring 'of river pollution in Britain. 
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The data used to describe the salient features of each system 
(detailed in Sections 5.1-5.2) are derived from the tables which 
accompany the account given of the fauna of each system in the 
Appendix. As in the previous chapter two different inputs (arundance 
values versus presence/ absence data) were used for the sake of 
comparison, but with one exception (the Manzimtoti) insufficient 
advantage was gained by doing so to merit duplication of the various 
ordinations generated. In the Manzimtoti Lagoon however, (Fig.3l) the 
consequences of ammonia pollution seemed detectable when abundance 
values were used, but not so when presence/absence data were used. 
In most cases the sample size (Table 3, Chap. 2 ) was so small that 
very little weight could be attributed to the results. Consequently, 
in this chapter a selection of systems in which the data base was more 
adequate has been made to illustrate the extent of variation in 
communi ty structure during the study period, as revealed by detrended 
correspondence analysis (DCA). The Mkomazi and M;}eni were chosen as 
two estuaries in which the data base (22 months) was more 
comprehensive than in any other system studied. The Zinkwasi, 
M1loti, Msimbazi and Manzimtoti, were chosen as four lagoons, each of 
which had a 15 month data base, but differed in terms of the 
perturbations within each system, as well as in features such as 
salinity (see Appendix). 
These provide an appreciation of how DCA and the oommunity data in 
the Appendix are to be used to provide a basis upon which the future 
condition of estuarine systems in Natal can be measured, (an objective 
of the study stated in Chapter 1). 
In each of the following figures the axes have been left unlabel-
led because the 'samples scores' derived by DCA are of no further 
assistance beyond specifying the position of each sample in the 
ordination. The numbers adjacent to each point in the accompanying 
graphs represent the month and year (0481 = April 1981) in which the 
survey was conducted. For convenience, an arbi tary probability 
envelope within the ordination has been defined by ordination space 
partitioning, and is referred to periodically as the 'core area' 
within the ordination space. 
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5.1 TEMPORAL CHARACTERIZATION 
5.1.1 tokomazi Estuary 
Ordination of the community data from the Mkomazi 
(Fig.24) suggests that during the 22 rronth study period some fairly 
radical changes i n community structure occurred because of the 
comparatively wide 'scatter' of the points representing each sample in 
the ordination diagram. '!he data are derived from Table 19. 
Of particular significance is the influence of river flow during 
the study period, because if the flow data (Fig. 2 5) are referred to, 
it is clear that on those two rronths that the hig~est river flows were 
experienced (60 cumecs being exceeded in February & March 1981) that 
the corresponding sample positions in Figure 24 were outlying of the 
core area (or 'norm'). Although it was impossible to establish 
accurately what species were present in the main body of the estuary 
because of the high current velocity, it seems safe to say that the 
Mkomazi was temporarily transformed into a river rrouth on these 
occasions. Certainly salinity throughout the system was reduced to 
zero (Table 46, in the Appendix) and from the results of netting in 
backwaters, species diversity had also been greatly diminished (Table 
19). High flows were also r ecorded in February and Q:tober of 1980 
(Fig. 25), but on these occasions rummunity structure in the estuary 
for some reason, remained unaffected. 
A major change occurred when low flows were experienced, as in 
July and Septe~x 1980. On these occasions tidal influences 
doninated the system instead of river influences, and so the community 
structure within the system was influenced to a more noticeable degree 
by species of marine origin than by species of riverine origin. 
Al thouqh not reflected in Table 19 this change, to my mind, is best 
illustrated by the trawl recovery of young octopus (Octopus vulgaris) 
from with1n the estuary in September 1980 (see Appendix). There are 
also occasions when low flows do not coincide with such radical 




















• • 0780 0980 
Temporal variation in community structure of the ~omazi 
Estuary after ordination of the data in Table 19. The 
core area is defined by a dotted line (0381=March 1981, etc) 
Fig.25 Flow of the Mkomazi River (from records maintained by SAICCOR, 
see Appendix) on those occasions the estuary was being sampled. 
The dates (0580 = May 1980) therefore correspond with those in 
Fig.24. 
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Table ] 9 . The frequency of occurrence and relative importance of the species caught in 132 trawl semples from 
the Mkomazi Estuary ove r a 22 month study p~riod. Those samples beyond the core area in figure 24 










































Eleot ris fusca 
Platycepha1us indicus 





Upoqeb i a africana 
Panaeus monodon 
P. indicus 
P. j aponicue 
Metepenaeus monoceros 
Car idina typus 
c. nilotica 
Macrobrachium eguidens 
Pa laemon conci nnus 
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differing states of the tide during the sampling tJeriod, however , 
before speculating further it would be crlvantageous to examine these 
data in three dimensions, as in Figure 11 in Chapter 4. 
Both high flows and low flows are nevertheless perturbations of 
the system that are natural, and revealed by changes in community 
structure. It will be apparent that because of the matrix format in 
which the data are presented, Table 19 is not easily used to establish 
what species changes occurred on either of these occasions, whereas , 
when the sane data are presented in the form of an ordination, the 
visual impact helps enormously in ascertaining the extent to which the 
samples differed from each other. If Table 19 is used to establish 
which species caused these differences, the task is tedious am 
difficul t, whereas OJ DCA it is simple and effective, as the technique 
is sensi ti ve to communi ty responses rather than changes in single 
species. 
It is presumed therefore that as and when future samples are 
taken from the ~omazi, and depending on the cirCllllstances at the 
time, that these oould be expected to fall wi thin that region of the 
ordination defined as the core area in Figure 24. If this is not the 
case, it also seems likely that the reason why the data do not oonform 
can also be established. It follows therefore, that by defining the 
character of the Mkomazi on a temporal basis, ordination of conmuni ty 
data appears to be a means by which a surveillance of the system can 
be maintained in the future. 
5.1. 2. Mileni Estuary 
Ordination of the data oontained in Table 20 of the 
Appendix stX;Jgests that during the same st\Xiy tJeriod (Sep 1979 _ IIlg 
1981) variation in community structure within the M:Jeni Estuary 
(Fig.26) was not as great as that in the Mkomazi. In fact, the data 
are exceptional in that they remain oonfined to a relatively small 
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Fig .25 Temporal variation in cOl1lTlunity structure of the r.geni 
Estuary after ordination of the data in Table 20 
( Appendix) • The core area is defined by a dotted line 
(0481 = April 1981, etc). 
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area of the ordination, and irrespective of the variation that 
occurred in factors such as salinity and temperature (Table 19 in the 
Appendix) • 
This stability is probably a reflection of the physical stability 
of the system throughout this time, al though a minor flood was 
experienced in September 1980. This may account for the marginally 
outlying position of the corresponding sample position (0980) in the 
ordination. en this occasion, species such as Leiognathus equulus ~ 
Oiigolepis acutipennis and Scylla serrata (which are normally present 
in the system) were absent (Table 20 in the Appendix). Ju:lging from 
its proximi ty to the above mentioned point in the ordination, it is 
suggested that the effects of these floods were still detectable in 
October 1980. No explanation can be offered however for the outlying 
position of the samples taken in May 1980. 
An event which caused ouch concern during the study period was 
spoil disposal by dredgers. This activity commenced above the estuary 
in March 1981 (see Appendix) and continued until after the er¥i of the 
study period. A drastic reduction in water transparency was measur~ 
downstream, as well as the flocculation of a considerable volume of 
suspended sErliment. Despite despoilation of the estuary, with 
specific reference to its recreational value, ordination of the 
community data gathered during this period suggests that no major 
effects were felt by the estuarine organisms occupying the system. 
This assumption may be erroneous because trawling was exceptionally 
difficul t under the circumstances that prevailed, and the results from 
backwater areas (soch as Beachwood, which remained unaffected by 
events in the main body of the estuary) were included in the analysis. 
However, on the basis of the data analysed it would be even more 
dangerous to assume that environmental damage was in fact" detectable . 
in the estuary. In this particular case therefore, it would seem that 
multi-variate analysis is a valuable tool in arriving at an unbi~ 
decision about the environmental consequences of spoil disposal. 
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S.l.3 Zinkwasi Lg>on 
Whilst ordination of the community data from the 
Zinkwasi Lagoon (Fig.27) greatly facilitates the detection of those 
occasions during the study period when community structure in the 
system appeared to differ from the norm, no convincing explanation can 
be found to account for all these occurrences. The data are derived 
from Table 2 in the Appendix. 
Al though the lagoon was open in September 1979, it was also open 
in January 1981 (Table 1 in the Appendix) and whilst the salinity was 
exceptionally high (29%0 ) in June 1980,it was just as high (30,7%0) in 
January 1980. The outlyinq position of the April 1980 samples seems 
attributable to the fact that on this occasion only seven species were 
taken in the system (Table 2 in the Appendix), i.e. an occasion when 
the lowest diversity was recorded durinq the study period, rut no 
particular environmental influence can be traced to account for this 
situation. 
Whilst these limitations may cast some doubt on the value of the 
ordination of community data, the fact remains that compared to Table 
1 in the Appendix) Figure 27 begins to define the character of the 
Zinkwasi, as well as a region in the ordination in which further data 
from the system can be expected to coincide. Whatever the reasons may 
be, this result would at least satisfy the investiga~or that the 
Zinkwasi Lagoon still supports the same community that it has been 
shown to maintain thus far. 
5.l.4 t-tiloti Lagoon 
Apart from the data within the core area of Figure 28, 
the structure of the community data from the t-tiloti Lagoon is even 
more divergent than that from the Zinkwasi. The data are derived from .. 
Table 16 in the Appendix. 
(he explanation for this is artificial breaching of the lagoon 
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Fig.27 Temporal variation in community structure of the 
Zinkwasi Lagoon after ordination of the data in 
Table 2 (Appendix). The core are a is defined by 
a dotted line. (0979 = September 1979 etc.) 
0980. 
0480 • 




1179. • . 
0780e. 0'80 .,0781 ....... .•. 
0)80 
.0180 
Fig.28 Temporal variation in community structure of the 
Mdloti Lagoon after ordination of the data in 
Table 16 (Apperdix). The core area is defined 
by a dotted line. (0480 ~ April 1980 etc). 
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artificially on· 16 occasions (Fig .14, in the Appendix) to prevent the 
flooding of sugarcane cdjacent to the system. '!he effects on lagoonal 
productivity are discussed by Whitfield (1980) and Blaher ~ !!. 
(1982), rut artificial breaching of the bar naturally increases the 
periodicity of contact with the sea and hence permits utilization of 
the system by species that are more normally associated with open 
systems. This gives rise to a more heterogeneous community and hence 
greater variability in community structure. 
Q1 the other hand, the r-tiloti is stressed in various other ways. 
The instability of the system from a hydrological point of view is 
remarked upon by NRIO (1982) and pollution of the lagoon by dieldrin 
has recently been disclosed (Blaber !! al .,1982). It is tempting to 
suggest that the presence of only two species in the system in January 
and April 1980 (Table 16 in the Appendix) could be the result of a 
pollution event, but when as few as three species (in August 1981) and 
four species (in September 1979) were present, the position of these 
samples in the ordination associate within the 'core area'. 
Another difficulty in interpreting these data is sample hetero-
genei ty because, as detailed in Table 5 (Chap. 2 ), water level can 
influence the trawl results to a marked degree. '!he fact that other 
than in March and August 1980 the sample position in the ordination 
was outlying of the norm whenever the water level was high (Table 2Q ) 
is a strong indication of sampling imprecision. 
these samples could be justif i abl Y ignored. 
5.1.5 Msimbazi Lp?n 
If this is the case, 
After 15 visits to the Msimbazi Lagoon during the period 
September 1979 to July 1981 (Table 40 in the Appendix) the structure 
of the data in Figure 29 suggests that the prevailing mouth condition 
(Fig. 37 in the Appendix) plays an important part in determining the 
ecological character of this lagoon. 
During 1980 the mouth remained closed for 361 days (99% of the 
year) and for this reason it seems likely that the positions of the 
Table 20. 
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The variation in water level in the Mdloti Lagoon on 
those occasions the system was sampled during the period 
September 1979 to July 1981. Arrows denote those 
instances when the community structure was outlying of 
the 'core area' defined in Figure 28. (0979 = Sep.1979) 
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Fig.29 Temporal variation in community structure of the Msimbazi 
Lagoon after ordination of the data in Table 37 (Appendix). 
The core area is defined by a dotted line. (0280 = February 
1980 etc). 
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nine samples taken during 1980 all fall within or close to the • core 
area' of the ordination diagram. Some of the scatter during 1980, 
especially during the winter months, could be attributable to 
interference with the trawl by filamentous algae {Chaetomorpha sp.} 
(see Plate 23, in the Appendi x). 
The dissimilarity of the 1979 samples seems attributable to a 16-
day period of contact with the sea in August 1979, after which time 
various estua y-associated organisms (Tylodiplax blephariskios, 
Syngnathus djarong and Penaeus japonicus) made a brief appearance in 
the system {Table 40 in the Appendix}. The extreme dissimilarity of 
the samples taken in April 1981 may have been due to overwash of the 
bar during the equinoctial tides in March, since it is the only 
occasion when Penaeus iOOicus , Valamugil buchanani arrl Arothron 
invnaculatus appeared in the system. 
Throughout the study period freeway construction was underway at 
the head of the Msimbazi Lagoon, arrl the system was modified in the 
manner described in Vol.4l. However, it should be roted that ordina-
tion of the community data from the Msimbazi showed none of the stress 
symptoms that were revealed by the uM:Jababa for example where, as a 
direct resul t of freeway cons truction , the communi ty structure was 
markedly affected (Fig.33). From this and other evidence given in 
the Appendix, it can be assumed that the resilience of the Msimbazi 
was far greater than imagined, since the system appeared to have no 
difficulty in tolerating the changes imposed. 
5.1.6 Manzimtoti Lagoon 
The data contained in Table 31 of the Appeooix was used to 
determine what changes in community structure occurred in the 
Manzimtoti Lagoon during the study period. Ordination of these data 
(Fig. 30) suggested that little variation occurred, as the interpoint 
distances between each sample were so slight that all the data fell 
within a relatively distinct core area. 
0~~a.··.1.179 
...... 0880 • .. .. 
0180.e 038~. ..1079 
:0181r 0481 ~h979 
o98d. 0'80 ..... \ ,978 1 
018ci ...... · · '· 0680 
0780 
Fig.30 Temporal variation in community structure of the 
Manzimtoti Lagoon after ordination of the data in 
Table 31 (Appendix). '!he core area is defined by 
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Fig.31 Temporal variation in community structure of the 
Manzimtoti Lagoon after ordination of the data in 
Table 21. '!he core area is defined by a dotted 
line (0580 = May 1980 etc). 
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This was not the case when the abunddnce data expressed in Table 
21 was used, as a configuration of points rather different to anything 
yet seen was obtained (Fig.31). 
The major difference is the linear relationship of the nine points 
comprising the core area (0380" 0980, 0181, 0280, 0880, 0480, 0780, 
0680 and 0180). These can be correlated with a decrease in the 
relati ve abundance of Oreochromis mossambicus (Table 21) for the 
abundance of this species ranged from 85,3% of the catch in March 1980 
to 19,1% in January 1980. Furthermore, between these two points there 
is a steady transition from 68,1% to 63,4% to 54,7% to 59,4% to 43,1% 
to 36,4% and to 28,4% respectively. 
What is equally clear is that whilst similar to each other four of 
the sample positions in the ordination (0481, 0979, 1079 and 0580) are 
noticeably different from any of the samples mentioned in the above 
paragraph. It could be coincidental, but pollution of the Manzimtoti 
by ammonia was an established fact in May 1980 (see Appendix) and it 
seems probable that 00 each of the other occasions (0979, 1079 and 
0481) ammonia pollution unknowingly occurred as well. For example, 
the abnormally high levels of dissolved oxygen experienced in the 
lagoon on these occasions (Table 30 in the Appendix), could be 
explained by algal blooms in response to the availability of nitrogen. 
The outlying position of the November 1979 samples (1l79) could be 
interpreted in the same way, al though the pollution caused may not 
have been as severe. 
en the other hand, the community responses mentioned need not be 
related to pollution at all, because other than in May 1980, an 
association between the remaining samples and an increase in the 
abundance of Metapenaeus monoceros is detectable from the figures in 
Table 21. Further:nore, if the same data are used in a ~esence or 
absence format (Fig. 30), no trends similar to those above are 
revealed. 
Table 21. The relative abundance of the species caught in 86 trawl samples from the Manzimtoti Lagoon 
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5.2 SPATIAL CHARACTERIZATION 
'!he repercussions on convnuni ty structure of natural perturbations 
(such as floods in the f.komazi) ard unnatural perturbations (such as 
pollution from ammonia in the Manzimtoti) have been examined in 
Section 5.1, but in certain cases effects such as these may be 
confined to specific regions of an estuary or lagoon. By analysing the 
biological data from these regions independently of those from the 
rest of the estuary, spatial differences in community composition can 
be examined by multivariate analysis. To illustrate this three 
examples are given below. 
5.2.1 ~ effects of ~ construction ~ the fJdesingane 
Many years ago a weir was built across the lower reaches of 
the Mdesingane to provide water for the residents of Bazley Beach (see 
Vol. 41 ) • '!his has since been abandoned, but its effect on the 
community structure of the system are still evident. 
By analysing those samples taken from below the weir separately 
from those taken from above the weir (Table 22), the impact of this 
structure can be seen by examining the corresponding sample positions 
in· Figure 32 for February, May and August 1982. '!he community 
structure in the two regions of the lagoon is distinctly different, 
particularly as a greater number of estuary-associated species occur 
below the weir. Al:x>ve it, however, the community is more freshwater 
associated • 
5.2.2 '!he effects !?!. freeway construction ~ ~ uM;lababa 
Construction of the freeway over the ut-gababa canmenced in 
1978 and for several years the upper reaches of the uMgababa were cut 
off from the lower reaches, whilst the embankments were being built, 
and the morphometry of the system altered to accommodate the bridge 
site (see Vol.41). 
Samples taken above the freeway were analysed separately from 
Table 22. The frequency of occurrence and distribution of speci es 
caught in 12 trawl samples frem the M:iesingane ~oon 
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Fig. 32 Differences in community structure above the weir (~) 
and below the weir (.) in the r-tiesingane Lagoon. 
Corresponding samples are interconnected by' a broken 
line (0282 = February 1982 etc). 
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Fig.33 Differences in community structure above the 
freeway (0) and below the freeway (~) in the 
ulwtJababa Lagoon. Corresponding samples are 
interconnected by a broken line (0281 = February 
1981 etc.) 
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those taken from below (Table 23) and the results after ordination of 
these data are expressed in Figure 33. other than in February 1981 
when the mouth had opened after heavy rain and the water body was 
homogeneous, the different community structure above and below the 
freeway is clearly apparent from the widely separated corresponding 
samples in the ordination. The differences in salinity above and 
below the freeway are commented on in the Appendix. 
Until completion of the diversion in ~vember 1982, the effect of 
the freeway was to alter circulation in the system and to restrict 
animal movement between t he upper and lower reaches. This accounts 
for the different posi t i ons that the samples taken above the freeway 
occupy in the ordination, in comparison to those taken below the 
freeway, with specific reference to March, May, June and August 1981. 
As the lagoon remained closed throughout 1980 spatial differences 
in community structure above and below the freeway were not 
significant. This is confirmed by the short interpoint distances 
between corresponding samples taken in October and November of that 
year (Fig . 33). 
5.2.3 Dif ferences in community structure within a backwater of 
the Mkomazi Estuary 
Because of the I backwater concept I discussed at greater 
length in Chapter 6, it seemed desirable to separate the data specific 
to a backwater of the Mkomazi (called the Impisini Inlet) from that 
pertaining to the main bcx:iy of the es tuary (Table 24 ), since the 
Impisini was clearly a different habitat within the estuary and 
subjected to different stresses . For examplp. , life in the Impisini 
Inlet seemed unaffected by t he f loodwaters that periodically flushed 
out the estuary (Fig. 24) but on the other hand it was vulnerable to 
pollution from a dump site within its own drainage basin (Fig.44, 
in the Appendix). This was more of local significance however, than 
general significance to the estuary. 
Table 2 3. The f requency of occurrence and di~tribution of the 
species caught in 58 trawl samples from the uM:;Jababa Lagoon. 
Above freeway Below freeway 
1980 1981 1980 1981 
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The ordinations generated as a result of this analysis are 
presented in Figure 34. Of immediate interest, is the fact that 
despite thirty three species being particular to the main body of the 
estuary (Table 24), the data from the Impisini did not occupy a region 
of the ordination very different to that occupied by the data from the 
Mkomazi itself. '!his is largely due to the thirty two species the two 
habitats share in common. Gonfirmation of this is forthcoming when 
the data presented in Figure 34b (from which the Impisini results have 
been removed), are compared to those in Figure 24 ( Sect • 5.1), which 
include the Impisini results. '!he structure of the data in both 
cases is similar. 
If corresponding sample positions are compared on the other hand, 
it is equally clear that at certain times community structure in the 
two habitats both differs (e.g. 0780, 0980) and corresponds (e.g. 
0380). Another feature of Figure 34 is that the community structure 
of the Impisini is really no more stable than that in the Mkomazi, 
despite the latter being influenced to a greater extent by mass 
movements of water such as river flow and tidal exchange. Another 
point, is that pollution events in the Impisini (as in Feb. 1981 when 
oxygen levels dropped to 0,6 mg i-I) (Table 46, in the Appendix) were 
were not revealed by changes in community structure any more 
significant than on those occasions when pollution did not occur (e.g. 
0580) • 
5.3 DISCUSSION 
Although one of the limitations of the present study was the 
sparseness of the data a:>llected from some of the sys'tems studied 
(Table 3, Chap.2), the results of individually characterizing certain 
systems where these data are adequate on the basis of temporal.am 
spatial differences has led to two important conclusions. Both are 
fundamental to the achievement of the third objective of this study 
which, as specified in Olapter 1, is the need "to provide a basis upon 
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Fig.34 Differences in community structure within the 
Impisini Inlet (a) a backwater of the Mkomazi 
Estuary, and the Mkomazi itself (b). For the 
sake of comparison, the solid lines witnin the 
ordination act as reference points. Gore areas 




The firs t of these conclusions is that this Objective does appear 
attainable, because on the basis of the results presented in this 
chapter, each system lends itself to characterization, using de trended 
correspondence analysis. 
'!he second conclusion is that this is only possible because of the 
community composition within each system and the manner in which that 
community is able to synthesize whatever environmental variables 
prevail into one CC>IllIron response (see Fig. 8, Olap. 4) • 
Generally speaking, one of the most remarkable features of the 
data collected is the similar 'sample scores' that can be derived by 
ordination of the community data after each survey is completed. Even 
where the data are sparse, these still serve as the beginnings of a 
system whereby the community structure of each estuary, lagoon or 
river mouth in Natal can be defined. Obviously the more samples 
available the better, because defini tion of community structure 
becomes increasingly apparent. 
With much regard for the warning of Hedgpeth (1967) that " 
fancy black ooxes are not better than the watcher of the box" it is 
nevertheless envisaged that providing the sampling method remains 
consistent, the ecological character of each system studied can be 
defined and steadily improved upon in the future. '!his will be 
achieved by repeatedly surveying each system in the manner described 
in Chapter 2, as and when any opportunity arises. With the aid of a 
computer,two files for each system could be created, one for storage 
of the raw data and another for storage of those data required for 
ordination. After each survey a plot of the most recent results 
relative to the others CX)uld be produced, to judge (immediately if 
necessary) whether the community structure in that system has or has 
not altered in the interim. '!his period of time could be the follo-
wing week (after a pollution event or flood), the following month, 
season or year. In each case it would be possible to obtain an 
ordination of each new sample, to compare with the previous ones. In 
this way a 'listening watch' on each coastal system in the 
could be effectively maintained. The prospect of impact 
province 
assessment 
also appears attractive, particularly as this is normally required at 
short notice, and because more often than not the baseline data 
required for such an assessment are lacking. 
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The forma t of the input data is a variable which requires further 
investigation, because two different results can be achieved when 
abundance values for example are used instead of presence/absence 
data. fbwever, it is perfectly feasible to use both as a matter of 
course, which would function as a 'double check I on interpretation and 
characterization of community structure. 
Bertine et ale (1979) and Livingston (1979) are of the opinion 
that no bioassay can fully evaluate estuary responses to pollution, 
and that indicator species are "clumsy tools" to measure the 
biological health of estuaries. In the light of certain of the 
difficulties in interpretation I would agree, and accept that there 
are several potential weaknesses in the strategy I have outlined. One 
is the fact that the nonitoring system, as envisaged, depends entirely 
on a beam trawl being used as the sampling gear. 'Ib a far lesser 
extent, it also depends upon the skill of the operator, because this 
need not necessarily be the same person. k~other problem is that 
monitoring does not necessarily identify t he source of perturbation 
and that the demersal biota selected by trawling may be susceptible to 
certain forms of perturbation but not others • . 
This could be overcome by usi ng a combination of different 
sampling techniques, and 'pooling I the results, or developing separate 
indices of community structure for each method. The zooplankton and 
macrobenthos are two communities which could be used to very good 
effect as biological monitors , but the practicality of incorporating 
them into the system is questionable. In each case far greater 
expenditure of manpower in terms of fieldwork and analysis is 
implicated. Hedgpeth (1953) and Qjum & Copeland (1969) regard various 
lamellibranchs such as oysters and clams wi thin coastal systems as 
reliable indicators of certain environmental conditions, and in 
retrospect it is considered unfortunate that the molluscs taken by 
trawling during the course of this study were not incorporated into 
the assessment, because many of the species encountered seemed clearly 
estuary- or lagoon-associated and to appear or disappear at different 
times (see Appendix). 
Although Siegfr i ed (1981b) believes i t might be possible to use 
data on avian species richness and abundance to provide baselines for 
detect i ng change, from the limited attention given to this subject 
durinq the presents t udy (s ee Appendix), it would rot appear to be 
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feasible because the avifauna are opportunists and too mobile. 
Oertain birds are excell ent indicators of ecosystem types (for example 
in estuaries (sensu stricto) waders appeared to be immiarant spedes 
analogous to the immigrant marine ichthyofauna because of their 
feeding requirements, whereas in lagoons resident fish-eating birds 
became the counterpart of the resident ichthyofauna, and waders were 
absent), but avian diversity can increase in polluted systems (such as 
the Mvoti , Sezela and Tongati) and if stress factors such as hunan 
disturbance become intolerable (as in the M:lloti) they simply flyaway 
to a more remote area. An impression gained during the present study 
period was that avian species richness was largely determined by the 
merits of the system as a refuge area (i.e. the protection the system 
offered birdlife from disturbance by human beings), whereas this is 
not an important determinant for the aquatic fauna. Perhaps the 
Sezela serves as a good example, where a comparatively rich assemblage 
of birds peacefully exist in the midst of an anaerobic lagoon and 
wi thin earshot of a noisy sugar mill, because they are protected by an 
impenetrable fringe of reeds around the water body. In contrast, the 
system is completely lifeless below the surface of the water. 
Siegfried (198lb) concludes on a somewhat different note and 
tentatively attributes the "depauperate avifauna" of Natal's estuaries 
to their "impoverished invertebrate fauna, small size, pauci t y of 
intertidal banks, and artificially disturbed state." 
In the final analysis therefore, of the search for "a basis upon 
which the future condition of estuarine systems in Natal can be 
measured" it would seem that the trawl susceptible fauna which 
embraces 125 species of fishes , crabs and prawns (SUb-App. Bi-Biv in 
the Appendix) has in fact provided a most encouraging start. '!his, I 
feel, is because by trawling one is in contact with the demersal fauna 
and therefore has ooe' s 'finger on the pulse' of the whole system. 
Lastly, it is possible that amongst t he assemblage of species 
mentioned, certain animals are more sensitive to change than others. 
If this is the case, an effort should then be made to establish which 





APPLICATIONS AND CONCLUSIONS 
In 1978 the proceedings of the Fourth Biannual International 
Estuarine Research Conference was published (M. L. Wi ley, ed.) aM 
amongst the numerous subjects covered and opinions expressed, two 
statements in particular merit repetition before any discussion on a 
subject as wide ranging as the comparative ecology of Natal's smaller 
estuaries can meaningfully develop. 
The first of these statements was by Hedgpeth (1978) who suqqested 
that" without really understanding the entire ecosystem we find 
ourselves amongst those blind men who touched various parts of the 
elephant without comprehending the nature of the whole animal" • In 
light of the results of this study, and others (Reddering & 
Esterhuysen, 1982) there is reason to believe that if every one of the 
62 systems studied (Fig.l) are regarded as estuaries, we would have 
the elephant firmly by the tail, and have little comprehension of the 
nature of these ecosystems • 
Rather surprisingly the practical importance of definitions has 
been stressed by Day (1981) because terms such as estuaries, lagoons 
and river mouths are used in legislation and in the formulation of 
provincial regulations relating to the use (and abuse) of such water 
bodies. Without wishing to overemphasize the point, it has been 
suggested in Chapter 4 that each of the above mentioned ecosystems 
have entirely different bio-physical characteristics, different 
sensitivities to perturbation , and different ecological functions. 
Reddering and Esterhuysen (1982) independently arrived at the same 
conclusion and expressed the view that open (tidal) estuaries are 
significantly different to closed (non-tidal) systems. The 
differences mentioned include water exchange patterns, nutrient and 
pollution exchange patterns, the migration of various animal species, 
hydraulic properties and sediment dispersal. It seems essential 
therefore to differentiate between them (Table 18), so that there is 
no ambiguity about what sort of resource they represent. 
Unfortunately each of these terms means a number of different 
things to different people. For example, Remane and Schlieper (1971) 
would regard those systems defined as estuaries in Natal as river 
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mouths, and eight different connotations of the word lagoon are given 
by Reddering (1980). However, in the context of the present study, and 
a recent review of the subject by Barnes (1980), no argument can be 
found with the simple definition of a lagoon given by the Oxford 
English Dictionary (Chap. 4 ) because the key determinant, namely 
separation ~ the~, is embodied within it. Likewise, no fault 
can be found with the admirable definition of an estuary provided by 
cameron and Pritchard (1963) (Chap.4) because the key determinant, in 
this case free connection with the~, is stipulated. '!tIis 
particular environmental variable has been shown to be the most 
important influence accounting for the different physical, chemical 
and biological characteristics of estuaries and lagoons in Natal 
(Fig.lO), and would in fact, lead to question whether "control by the 
bottom materials is the dominant influence" in an estuary, as 
suggested by Hedgpeth (1967). In retrospect, it would appear that 
control by the mouth condition is the dominant influence. 
The primary difference between the biological utilization of 
estuaries and lagoons lies in the reproductive strategies of the 
species involved. The community structure of estuaries is far more 
complex than the community structure in lagoons (refer to the overlays 
' of Figures 12 and 13 in conjunction with Figure 14) which means that 
species richness is lower in closed systems than it is in open 
systems. This has been confirmed by Scott et ale (1952) : Grindley 
(1980) : fbdgkin (1980) ; Branch and Branch (1981) and several other 
workers, and results from the different manner in which the two 
ecosystems are 'connected' to the sea. The fact that a great many 
lagoons in Natal are oligohaline also means they lie within a 
salinity range recognized as being species poor (Remane & Schlieper, 
1971). Because of these environmental differences, estuaries are 
dominated by species which require access to and from the sea at some 
stage of their life cycle, whereas in lagoons the population is 
dominated by species sufficiently well adapted to complete their life 
cycle in the system. This does not mean to say that estuary-
associated species cannot be found in lagoons (and vice versa) nor 
that certain estuary-associated species do not complete their life 
cycle in estuaries. It is simply an endeavour to differentiate, at a 
community level, between the two. 
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Arising from these distinctions, it has also become clear that 
estuaries are supportive of immigrant species chiefly of marine 
origin, whilst lagoons are supportive of resident species often of 
freshwater origin. In other words, both fulfill a nursery function, 
but the origin of the species differ. The proliferation of 
Greochromis mossambicus in lagoons is the reason for this statement 
because 95% of the 11 784 o. mossambicus caught during the survey 
(SUb-app.C, in the Appendix) came from lagoons. o. mossambicus is a 
fish that can cope with an extraordinary range of environmental 
conditions, with specific reference to salinity (Wallace,1975a: 
Whitfield & Blaber, 1979), but it seems clear that this species has 
taken full advantage of lagoons because of their stability and 
permanence. In Lake Poelela (Whitfield & Blaber ,1976: Blaber, 1978) 
where connection with the sea is equally tenuous, Tilapia rendalli has 
done the same thing. This impression is reinforced when riverine 
areas upstream of coastal lagoons is examined, because for much of the 
study period these were either dry or scarcely flowing and choked 
with vegetation and sediment. Macrobrachium equidens is a freshwater 
species of prawn that makes good use of both estuaries and lagoons as 
a nursery area, although in this case brackish water is a prerequisite 
for larval development (Bickerton, pers.comrn.; Read,1982). 
In es tuaries, on the other hand, the ichthyofauna is dominated by 
a wide variety of marine teleosts instead of cichlidae. These include 
such wellknown varieties as perch (Acanthopagrus berda), stumIX'Ose 
(Rhakrlosargus spp.), grunter (Pomadasys spp.) and kob (Argyrosomus 
hololepidotus) as well as fishes of the ubiquitous mullet family 
(mugilidae) • The counterpart of the carid prawns in lagoons is 
penaeid prawns in estuaries (including Penaeus indicus, f.:.. monodon and 
f:.. japonicus), whilst the counterpart of the crab Rhyncoplax bovis in 
lagoons is Scylla serrata in estuaries. In every case the 
reproductive strategy of the species involved is geared either to 
life in estuaries (where communication with the sea is vital) or life 
in lagoons (where communication with the sea is not vital). 
The relative size of the animals caught in estuaries and lagoons 
also warrants mention because the impression gained from the large 
size of certain estuary-associated animals found in lagoons was that 
these animals are semi-captive there because of mouth closure. For 
eXC¥TIple, the occasional tiger prawn (~monodon) with carapace lengths 
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of 63 nm can be taken from the Msimbazi Lagoon, whereas in estuaries 
such as the M:Jeni juvenile prawns (with carapace lengths of 10 nm or 
less) are abundant. Another example is the massive Scylla serrata 
that can be taken from lagoons, wi th carapace widths of 152 nm. 
Although these animals can walk over the sandbar if they wish to 
return to the sea (Hill,1975), the smallest s. serrata taken from the 
Ms~zi had a carapace width of 56 nm; whereas in open estuaries 
such as the M:Jeni or Mkomazi, numerous !:. serrata with carapace widths 
as small as 6 nm are regularly encountered. In both cases the nursery 
function of estuaries for these species is plausible, rut not in the 
case of lagoons. The same sort of thing is apparent from the work of 
de Decker and Bennett (1983) who showed that mullet (Liza richardsoni) 
trapped inside the Bot River "estuary II which had been closed for four 
years, could not spawn and consequently were in much better 
physiological condition than mullet in the sea. The question which 
arises is what value is a system that has been closed for four years 
to the recruitment of mullet stocks if the population within it cannot 
spawn? '!he same situation occurs in Natal (see Mahlongwana, in the 
Appendix) but in this case the value of the system is seen to be not 
in its potential to supplement marine stocks, but in its potential to 
support stocks that complete their life cycle within that system, 
irrespective of the mouth condition. 
'!he mullet are an interesting group of fishes 
are abundant in many lagoons (Whitfield, 1980a; 
that nevertheless 
Blaber ~ al. ,1982) 
but remained undersampled during the course of this study because of 
the trawl gear used. The reason these fishes gain access into closed 
systems when others such as grunter and stumpnose do not to the same 
degree, is probably because of thei r sheer abundance in the surf zone 
(Wallace,1975c; Lasiak, 1981). '!his means they could be easily washed 
into lagoons at high tide when waves overtop the bar, as has been 
shown to occur by netting in the overwash area by Whitfield and Martin 
(unpublished data; cyrus, pers .comm. ) • Several other species such as 
soles (Solea bleekeri) and the occasional blacktail (Diplodus sargus) 
seem to gain access in the same way. 
'!he second statement worthy of consideration at the International 
Research Conference mentioned earlier is that by Schubel and 
Hirschberg (1978), who said IlSome well-intentioned but over-zealous 
environmentalists have laid great stress on the importance of 
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estuaries for the survival of many important species of fishes and 
shellfishes. It would appear that such evaluations cannot be 
justified; which is not to say that estuaries are unimportant. II 
It appears that Nixon (1980) came to the same conclusion when 
reviewing the role of saltmarshes in estuarine productivity. Nixon 
pointed out that in our " ••• enthusiasm to protect the marshes" there 
is a tendency to believe anything that is read about them, but 
relatively few researchers " failed to make and maintain a firm 
distinction between what they thought was happening ••• and what they 
had good data to show was happening". Similarly, albeit in hindsight, 
with the experience gained over recent years into the comparative 
ecology of Natal's smaller 'estuaries' has grown the conviction that 
if certain concepts relating to the nursery function of estuaries are 
to remain credible, there is a need to exercise far roore care when the 
word 'estuary' is used by the ecological community of South Africa, 
and particularly in Natal. 
Hopefully, there should be no objection to taking a fresh look at 
this subject, if for no other reason than the dynamic nature of 
estuaries demands this. Stress is an inherent characteristic of 
estuaries, as emphasized by Knox (1980) who expressed the view that 
II this meeting place of land and sea is probably the roost dynamic 
area on earth; in which the catchword is change." 
In my view, the estuaries of Natal have changed and are still 
changing, and so our thinking must be prepared to change. The Mcomazi 
is not the same place that it was in 1922 when the estuary was tidal 
for 13 km (King, 1972); the Mgeni is not the same estuary that it was 
in 1930 (see plates 11 & 13, in the Appendix); there is very little 
left of the Mtwalume if Thorpe's descriptions are taken into account 
(Begg,1978); nothing of the original Mvoti and Mzumbe estuaries 
remain and from Day's description of the Msimbazi in 1950 (Begg,1978), 
even that has changed. The Sezela has been totally changed by 
pollution, as well as the Tonqati, Sipingo and r-tx>kodweni. 
Jus t as river roouths no longer function as es tuar ies ( Clap. 4 ) , 
lagoons which are closed off from the sea by sandbars rapidly lose 
this function. Herein lies another controversy, haNever, because many 
workers have failed to draw any ecological distinction between 
estuaries and lagoons (Day, 1980, 1981; Whitfield, 1981; Blaber ~ 
al., 1982) all of whom, like Wallace (1975a), argue that despite their 
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small size the importance of blind estuaries should not be 
underestimated because they provide "a continuous sequen<Te of 
estuarine environments over a long stretch of coastline." TOo many 
have failed to examine the concept critically seemingly" because 
the credibility of the printed scientific literature was so strong 
••• (that) ••• we passed it on eagerly as one of the accomplishments of 
marine ecological research. And we passed it on very effectively, to 
students, to managers, to legislatures, to funding agencies, and to 
each other." (Nixon, 1980) • ChI Y Pistorius (pers. comm.) was <I'/IOngst 
the few that voiced the opinion in 1979 that there seemed to be a 
"hollow ring" to the emphasis laid on estuarine dependence, and this 
gave rise to the present study. 
Che of the greatest dangers seems to have been to generalize. Of 
the 62 systems studied (Fig. 1), 73% were 'blind' and scientific 
knowledge of 45 of them was practically non-existent (Begg, 1978) • 
Despite this, the ecological function of these very systems (with 
little variation) has often been described as follows: 
a) "Lagoons are subject to a seasonal cycle of opening and closing. 
In BUNner the levels of lagoons rise as a result of rain • • • and 
eventually break through into the sea," whereas in winter" 
lagoon levels would drop because of a reduction in rainfall 
••• 
... 
and become closed from the sea" due to sandbar formation (Heydorn, 
1977) • 
A close examination of the data on daily mouth condition from 24 
systems over periods of time ranging from 1-6 years, as well as data 
on water level fluctuations in the Appendix, reveals no such pattern 
to be evident. Instead, the opening of lagoon mouths seems to be an 
extremely haphazard affair that depends on numerous factors including 
rainfall, the porosity and crest level of the sandbar, geomorpho-
logical influences and marine influences such as overtopping of the 
bar. It is further complicated by man's interference through the 
breaching of lagoons for numerous different reasons (Begg, 1978). 
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b) IlMany marine creatures in Natal are adapted to utilize the 
estuarine situation described above (a) and are in fact, dependent 
upon it. '1bese creatures inclOOe penaeid prawns which are trawled 
conmercially in the sea and many of the reef and gene fish which 
are exploi ted by line and skiboat fishermen, as well as shore 
anglers. II (Heydorn, 1977). 
Estuarine dependence is a subject that warrants a fuller discussion 
elsewhere in this chapter, but the results of this study would 
certainly not suggest that penaeid prawns, reef fish and game fish are 
dependent upon lagoons (superimpose Figs. 12 & 13 over Fig. 14). 
Instead, these species were found to be noticeably lacking in closed 
systems rut o:mspicuous in open systems. 
c) 1I'lbeir reproductive cycles are adapted in such a way that the 
juveniles are produced shortly before the mouths of lagoons open, 
i.e. in early summer. The juveniles then migrate into the 
estuaries and lagoons where they fioo shelter and food amongst the 
r001:8 of the marginal vegetation and plant cover of the bottan. II 
(Heydorn, 1977). 
If the data on the daily mouth condition of lagoons in Natal is 
accepted as the first real evidence available on when lagoon mouths 
are open or closed in Natal, it follows that the only strategy marine 
organisms can use to gain access into these systems is opportunism. 
Lasiak (1981) is of the same opinion, and Whitfield Cl980b) has 
demonstrated the manner in which marine species move into the Mhlanga 
Lagoon on those occasions that it opens. It stands to reason that 
far greater use is made of estuaries (sensu stricto) because they are 
normally open throughout the year. 
Whether or not migration occurs is also debatable because despite 
the evidence offered by Gunter (1967) and Wallace (1975a) it remains 
doubtful that the marine-spawned fry and larvae that gain access into 
estuaries (or open lagoons) do so by actively swinvning. In the first 
instance, 
estuaries 
the environmental cues which incite them to migrate into 
have never been elucidated (Day, 1981) and, in the second 
instance, organisms this size probably haven I t the strength to swim 
against the currents involved. Snall fish have, hCMever, been observed 
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entering estuaries by moving in shallow marginal areas where water 
veloci ties are reduced (Wallace, pers • comm. ) . <Xl the other harrl , 
Melville-Smith et ale (1981) have shown that tidal currents are the 
and mechanism by which Gilchristella larvae are swept into estuaries, 
the studies of de Freitas (1980) have suggested prawn larvae are 
brouqht passively into estuaries in the same way. Pollock et ale 
(1983) have also shown that the postlarvae of Acanthopagrus australis 
(yellowfin bream) enter Moreton Bay (in Australia) on the flood tide, 
and mainly at night because "... fullmoon corresponds with spring 
tides and hence the greatest water movement into the estuary." In all 
likelihood, its counterpart in Natal (A. berda) does the same thing. 
<Xle could also question the validity of suggesting that the 
lagoons of Natal are oovered in plant life; or that the roots of 
marginal vegetation are used for shelter; but clearly there is a need 
to reappraise the things that are said about lagoons when in fact 
it is estuaries that are being refered to. 
d) "1hey grow to sexual maturity in the lagoons am then return to 
the sea to reproduce." ( Heydorn, 1977). 
This is what occurs in an estuary but to a far lesser extent in 
lagoons because the results of this study suggest that the principle 
occupants of lagoons are species capable of reproducing within that 
environment because of its separation from the sea (Fig.23). 
The difference drawn between lagoons and estuaries in no way 
infers that a lagoon is in any way inferior to an estuary. The 
distinction is rather aimed towards stressing that the two have 
completely different functions and values, and therefore must 
be regarded as different resources. This has an important bearing on 
the hackneyed phrase 'estuarine dependence I because many species are 
considered to be dependent on estuaries for survival, and because 
several of these are of commercial and recreational importance to man. 
Eighty one species of estuarine fishes in South African waters are 
presently regarded to be wholly or partially dependent on estuaries 
(Wallace ~ al. ,1983), but the subjectivity of assessing the 
importance of estuaries for the survival and maintenance of these 
stocks remains. This stems from the difficulty of proving that the 
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juveniles of these species do not occur in the sea. As is pointed out 
by Walford (1966), Wallace (l97Sc) and Nakamura et ~.(1980) the 
presence of large numbers of juvenile fishes in estuaries is not 
conclusive evidence that estuaries are essential as nursery grounds 
for these species. The evidence remains circumstantial and 
speculative, and especially in the light of reports of estuarine fish 
being trawled on the Tugela Bank (DaY,198l); the numbers of juvenile 
mullet and pipefish (Syngnathus spp.) collected 5 km offshore in the 
lqulhas <l1rrent by Ballard, (pers .comm.), and after seine netting in 
the surf zone at King's Beach (Port Elizabeth) Lasiak (1981) concluded 
that " estuaries and nearshore waters both function as nursery 
areas, although the major components of their ichthyofauna differ 
markedly." Another intriguing aspect raised by Day (1981) is that 
since the juvenile fish which enter estuaries early are smaller in 
size than "late entries", it would appear that they have managed until 
then to successfully live and grow in coastal shallows. Mugil 
cephalus and Pomadasys commersonii have been reported in abundance in 
the surf zone by Wallace (1975a) and to extend from northern Zululand 
to as far south as Durban from August/September onwards. '!here was no 
evidence from where such shoals had come, but it is not impossible 
that regions as far afield as the east coast of Madagascar and the 
coastline of Mozambique contributed to these stocks (van der Elst, 
pers.comm.), what with the aid of the Agulhas CUrrent ~1d the inshore 
counter currents that have been shown to exist by Pearce and Schumann 
(1977). 
Prescott-Allen & Prescott- Allen (1982) have also correctly 
stressed that far too often ecological s tudies are aimed at species 
(to minimize the chances of extinction) and ecosystem conservation, 
with the result that the need for genetic variation is overlooked. 
Many people are, therefore, unaware of the inestimable value to be 
derived for the benefit of mankind from the conservation of genotypes, 
which put simplistically, means the conservation of genetic resources 
maintains "the biosphere's capacity to be useful." 
Another tendency is for people to attribute a monetary value to 
estuarine fisheries to impress upon others their potential economic 
significance. '!he state of this 'art' has been best developed in the 
USA (Taylor & Saloman,l968; Meyer & Dolphin,1977) but two of the most 
popular references cited by South African workers is that of McHugh 
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(1966) and de Sylva (1969). These authors pointed out that in 1965 
the a:>mmercial fishery for estuarine dependent species in the USA was 
valued at $ 75 million, and the sport fishery for these species was 
valued at over $331 million. Tbday these fisheries must be worth 
considerably more, but before drawing any a parallels, it is necessary 
to point out that large areas of open coastal waters are regarded as 
estuarine zones in the USA (Schubel & Hirschberg, 1978). This is also 
true elsewhere in the world such as southeast Asia and in the Bay of 
Bengal (Blaber,1981). It is also just as well to recall that a single 
estuary such as Olesapeake Bay, which alone is 6 475 kJn2 in extent 
(Fischer,l980) is 10 times greater than all the estuari~s in South 
Africa put toqether. This type of resource is lacking in South 
Africa, as are exploitable species such as oysters, clams, shrimp, 
blue crab, menhaden, salmon, sturgeon, eels, flounders, alewives and 
striped bass (Do\.XJlas & Stroud ,1971) that are associated with 
estuarine areas in the USA. The total extent of estuaries in Florida 
alone is 12 154 kJn2 (McNulty!! al. ,1972), which again serves to 
illustrate that in a local context, the South African coastline simply 
hasn't the same potential. This potential is even less in Natal 
because of the narrow continental shelf and relatively straight 
coastline. Following the advice of Hedgpeth (1975) and Rees & Davis 
(1978), it would seem foolhardy and dangerous to determine rand values 
for estuarine dependent resources in Natal because the figures derived 
would, by 
important, 
comparison, seem ridiculously small, arrl , 
in no way reflect the enormous local 
what is more 
significance 
attributed to viable estuarine fisheries. ,Based on the analysis of 
anglers' catch returns for the past 22 years (van der Elst,1979) the 
CPUE for species closely associated with estuaries is declining 
because of estuary degradation, and this is what is crucial to South 
Africans, not the rand value of the estuarine dependent sport fishery. 
The latter is only a small part of their true value to society as a 
whole. 
In summary therefore, although the economics of estuarine 
dependence in Natal are unimpressive, within the set of circumstances 
that surround the ecoloqy of Natal's smaller estuaries, the importance 
of these ,systems does not lie necessarily in their value as the 
recruiting grounds of certain mari ne stocks nor in the economic 
siqnificance of these species. Instead the value of these systems 
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lies in their importance to man faced as he is in South Africa by 
exponential population growth. For eXdmple, it is a sobering thought 
to realize that in some other parts of Afrj ca, such as Benin, by using 
brushwood in lagoons to increase the surf ace area for the growth of 
periphyton, fish yields (mainly tilapia) as high as 8 000 kg ha-l yr-l 
have been achieved (Lowe-McConnell, 1977) • The time is awroaching 
when the potential of simil ar resources on our own doorstep must be 
eXC¥l1ined, am an awareness created that if they are to remain viable, 
serious attention needs to be given to their conservation. Estuaries 
and lagoons are therefore regions of the coast where large numbers of 
relatively few species congregate and there play a part in the 
maintenance of a natural resource which is unquestionably of value to 
mankind. This may be for food or recreation, or nerely to maintain a 
quality of life around him which he regards as important, rut is in 
sympathy with the philosophy expres sed by the IUCN (1980); Schubel & 
Hirschberg (1980) and Allanson (1983) that "man is the most esturtrine-
dependent organism in the biosphere." 
This point receives far too little emphasis in sciertific 
li terature , and i n the report s t hat are presented to those bodies 
responsible for the management of estuaries. '!his is regrettable 
because it is something that such bodies are liable to understand and 
identify with. As pointed out by Knox (1980) "Estuarine values, 
problems and their solutions must be presented to the public in terms 
that are meaningful. If this is done, then there will be a public 
willingness to support the policies and costs involved in sound 
technical management of the estuarine zone." The lack of emphasis on 
man's dependence on estuaries may also account for why so little 
action is taken with respect t o t l :e management of estuaries in Natal 
and why the demise of estuaries illld lagoons has fallen to its present 
level. 
Virtually every human being is reputed t o appreciate the pleasures 
of living on the coast or visiting the coast, where amongst many 
benef its, the enjoyment of fi shing, boating, swimming, bird watching 
or even walking alonside estuaries and lagoons are important , 
attributes (Truter & Gilmore,1970). However, all of these things are 
only possible if these resources are living (sensu Poore,1978) or 
ecologically functional . A sediment filled estuary (like the Mzumbe) 
is no use to anyone and nor is a lagoon that smells revolting (like 
.L ~8 
the Sipingo), or is covered in water hyacinth because of sewage 
enrichment (like the Tongati), and a lifeless lagoon such as the 
Sezela is equally distasteful. Government, provincial and local 
authorities are charged with the responsibility of maintaining these 
resources in a living condition for man's awn benefit. This is not 
simply for his relaxation, or the benefit to be derived from a 
harmonious coexistence with other forms of life, but also because,in 
time, resources of this nature may be important for his own survival 
as well. Through the mismanagement of estuaries and lagoons man is 
simply "cutting of his ~n nose to spite his face" and this he cannot 
afford to do if the int erest of the present and future generations of 
this country are to be taken into consideration. 
My habitat can be characterized by its carrying capacity for 
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certain forms of life, whether this be a lagoon filled with bream and 
mullet, or an estuary rich in prawns and angling species; but as its 
quality diminishes so does its carrying capacity. Perhaps the lesson 
to be learnt is that it is in man's interests to maintain a healthy 
coastal environment because just as this will create those qualities 
of life which he considers as important to have around him, the 
potential of both the estuarine and nearshore fisheries will be 
simultaneously enhanced (Newell,198l; Pollard,1981). 
Something that these ideas, as well as Schubel and Hirschberg's 
provocative statement (p. 150) are designed to do is to awaken the 
realization that estuaries are ephemeral features of the coastline, 
and that once formed they are rapidly destroyed by sediments. 
Q)rsline (1967) used the term "transient features" when pointing out 
that the length of life of an estuary is determined by the rate of 
sedimentation. This also accounts for the concern expressed by 
All anson (1980,1983) and Gla:ison (1981) over the rate at which man's 
activities over impinge on geological processes such as erosion. In 
the 'fugela basin for example, erosion has been accelerated 28 times 
according to Murgatroyd (1979). Natal is renowned for its steeply 
tilted condition (King,1972) excessive population growth and the soil 
loss associated with these phenomena (crme 1973·- Hanks 1976· , " 
ScotneY,1978), and this logically constitutes a greater threat to the 
welfare of Natal's estuar ies and lagoons than any other factor. This 
view accounts for the attention repeatedly drawn to "river mouth 
transformation" in the Appendix. 
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This process of speeding up estuarine senescence has been most 
clearly described by Schubel and Hirschberg (1980) who have eX81ained 
that " ••• Sl..>dimentation rates are highest near the head of the estuary 
(see Plate 41 of the Appendix for confirmation) where a delta usually 
forms near the new river mouth. The delta grows progressively seaward 
within the estuary to extend the realm of the river and force t he 
intruding sea out of the semi-enclosed tidal basin II until 
eventually II the river reaches the sea through a broad, depositional 
plain, and the transformation i s complete." From a biological point of 
view, by this time what were estuarine biota are replaced by riverine 
biota. 
In precisely this way the Mvoti and Mzumbe river mouths have been 
transformed although Alexander (1979) appears to be in disagreement . 
having said that " ••• it is often erroneously assumed that estuaries 
have become shallower as a result of sedimentation, which in turn is 
attributed to accelerated sediment production in their catchments 
(e.g. King,1972 and Begg,1978) " In his opinion all the incoming 
sediment is transported through the system into the sea. 
Whichever school of thought is correct remains to be seen, but in 
Natal and throughout the world (Schubel & Hirschberq,1980) there are 
estuaries in various stages of transformation. Hence the opinion has 
been expressed that the Mtwalume and Mpambanyoni are on the verge of 
final transformation and that the Mkomazi is rapidly developing in 
that direction. The same process occurs in lagoons, which accounts 
for the present day condition of the Mzimayi, Mkumbane and Siyaya 
(north of the study area) and several others. 
The proposed classification which distinguishes between river 
mouths lagoons and estuaries on ecological criteria wil l hopefully 
be of use to planners because such people are often faced with the 
difficulty of deciding what sort of development can be permitted in 
coastal areas (Odum,l976), and in determining to what region of an 
estuary, or the coast certain forms of development should be confined. 
A classification is useful because the range of development options 
open to planners can be accordingly reduced or increased. For 
example, in considering the construction of a bridge, the need to 
build an open-span structure is, from an environmental point of view, 
more critical in an estuary than it is in a lagoon. This is because 
circulation in an estuary (as defined in Table 18) is tidally-induced, 
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whereas in a 1 ~oon it is wind-induced. In the siting of a dam 
(Roberts,1983) the downstream implications of mouth closure are far 
more serious in an estuary, which is normally open, than in a lagoon 
which is normally closed. en the other hand, dam construction 
upstream of a river mouth could be beneficial because of sediment 
interception and consideration even be given to the prospect of 
rehabilitation of the original estuary. 
In the siting of a sewage works the quality of the final effluent 
is far more important if this is to be discharged into a lagoon 
instead of an estuary, because the lagoon is a closed system whereas 
in an estuary there is more likel ihood of preventing eutrophication 
from occurring because of tidal exchange. Another example with 
practical implications in Natal, is in the siting of buildings and/or 
services such as roads, stormwater drains and water mains. '!hese 
facilities are more often flooded when in the vicinity of lagoons than 
when adjacent to estuaries. 
can rise behind the 
'!his is because the level to which water 
sandbar in a closed system is often 
underestimated, whereas in estuaries the water level regime is more 




the formulation of a contingency plan against oil pollution, 
employed by the Department of Transport have found a 
classification as useful, for the production of sensitivity maps of 
the coastline (Lord, pers.comm.). This is because in comparison to 
estuaries, lagoons are not as vulnerable to oil pollution stemming 
from a spill at sea. '!he provision of booms to prevent the entry of 
oil into estuaries could be pre-planned where the mouth was known to 
be open (Fig.20) and the system concerned regarded as a functional 
estuary (Fig.10). The outflowing currents in a rivermouth on the 
other hand is a steady state which would make boom construction 
unnecessary. 
Something which became mos t apparent during the study period was 
the significance of small creeks and backwaters in estuaries because , 
invariably t he amount of life they seemed to support was considerably 
qreater than large tracts in the main body of the estuary. Q1.e of the 
best examples of a well populated backwater is Beachwood Creek in the 
M:Jeni (see Appendix). 
Al though estuaries . are recognized as sheltered areas (Day, 1981 ; 
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Blaber ,1981) where the fauna is comprised of forms intolerant of the 
turmoil and stress of life in the open sea, backwaters seem to be 
sheltered areas within an already sheltered environment, and so 
compound the refuge value from which estuarine biota derive so much 
benefit. Although this is by no means a new disCovery (de 
Freitas,1980), the reason for stressing the point is because the 
significance of backwaters can easily be overlooked when planning 
development in the close proximity of estuaries. It would be wrong to 
believe that if the main body of the estuary was left untOUChed, its 
nursery function will remain illldffected. In fact, it would seem the 
opposite applies, and so alteration to the configuration of the 
shoreline and marginal areas such as backwaters would be far more 
damaging to life in an estuary, than an activity such as sand 
extraction (for example) from the main body of the system. 
By the same token certain developments can enhance this property 
of an estuary. '!he development of the skiboat base in the Mkomazi 
illustrates this point, because in construction of the slipway 
required, an artificial backwater to the estuary had to be constructed 
(see Appendix). Although insignificant in extent, this has increased 
the amount of shelter available in the estuary, which in this 
particular case was noticeably lacking. In certain situations, 
community structure in these backwater areas is also a lot more stable 
than in the main body of the estuary (see Appendix). 
A classification such as that proposed in Chapter 4, may also be 
of assistance in makinq decisions regarding the potential utilities 
and disutilities of each ecosystem type. For example, the premature 
breaching of a lagoon is an activity which is considered to be 
disruptive and environmentally harmful (Howard-Williams & Al1anson, 
1979), but not in the case of an estuary. '!his is because the 
stability of a lagoon is one of its most important characteristics if 
it is to function at its optimal level of productivity (Whitfield, 
1980a; Connell et al. ,1977) whereas in an estuary free connection 
with the sea is what maintains its productivity. '!he opening of 
lagoons should therefore not be permitted, whereas the opening of an 
estuary that may temporarily have become closed (as happens in the 
Mzimku1u for example) can be overlooked. Legislation to control the 
breaching of lagoons in Natal is presently being formulated by the EAC 
for this reason, and so a classification of which systems constitute 
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lagoons and which are estuaries will prove useful to the local 
authority (NPB) eventually empowered to implement that legislation. 
Government and provincial bodies are constantly required to make 
certain decisions regarding the use of estuarine areas, and it is 
foreseen that one of the rrost important criteria will be "what sort of 
system is to be affected?1I Classification has shown that there are 
far fewer funct i onal estuaries in Natal than is generally believed, 
and so an application to extract sand from the floor of an estuary is 
likely to be viewed with greater disfavour than an application to 
extrac t sand from a lagoon. This is because the commw1ity structure 
of the two ecosystems differ, and the potential for environmental 
damage arising from an activity of this type is likely to be greater 
in an estuary than in a lagoon. 
The same sort of rationale can be applied whether the decision 
being taken relates to an application to build a marina or to use of 
the system for cquaculture, or let alone in deciding the merits of the 
proposal to cut off communication with the sea in certain systems to 
allow them to freshen, and hence to be used as a water supply (Truter 
& Gilmore ,1970). 
A classification of Natal's smaller estuaries has also helped 
convince people of the need to dredge part of the ~eni; to consider 
rehabilitation of the Sezela Lagoon, as well as to question the wisdom 
of building a weir across the Mtamvuna, because in each case the 
classification has served as a means of rating the system in question 
by examining its present day community structure. 
The relative merits of multivariate analysis of community data as 
a means of predicting the resilience and responses of estuaries to 
given forms of development have already been aired in Chapter 5. The 
ef fect of freeway construction on community structure in the uMgababa 
was evaluated by spatial characterizati on (Fig.33) for example, but 
the resilience of the system will only be judged once sampling is 
resumed at some future date. This will enable an assessment to be 
made of whether the upper reaches of the uMgababa have recovered s i nce 
bridge construction has bef'n completed, or remained permanently 
altered. The response of the Mkomazi to floods was assessed in a 
similar way, as well as the response of the Manzimtoti to ammonia 
pollution; and of the Mgeni to the disposal of spoil upstream of t he 
estuary by dredgers. These are but a few of the ways in which the 
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analysis of community data is expected to be of value to user-
agencies. 
The planning of research is necessary at every level whether this 
be the funding organization or the institute and persons responsible 
for that research. In each case, a classification serves a useful 
function in the clarification of research needs. 
If it is accepted that there are numerous lagoons south of the 
Tugela river to which estuarine functions have been attributed in the 
past, it would appear that the natural history of lagoons, as 
perceived by Barnes (1980), is indeed a neglected field of study. If 
one accepts that these sytems do not contribute significantly to 
marine stocks, unlike the species recruited from estuaries, the 
fisheries potential of lagoons (as closed systems containing viable 
populations of various iliophagous species) has not received adequate 
attention. However, such a study would be meaningless wi thout a 
thorough understanding of productivity and the dynamics of the 
processes involved. One would need to examine both heterotrophic and 
autotrophic production, as well as production at primary, secondary 
and tertiary levels. An assessment of detritus production as the 
basic ingedient upon which the ecosystem depends; the sources from 
which this detritus is derived; variation in production at different 
times of the year and under different regimes (such as floods), the 
effects of water level fluctuation on production (which will 
incorporate breaching by natural and artificial means) and the effects 
of temperature and water transparency at different trophic levels. 
It should be noted that there is a wide variety of lagoons varying 
in salinity, substratum, depth, water quality and periodicity of 
contact with the sea. There are also lagoons with different 
temperature regimes (for example those in which the bottom 
temperatures are signficantly higher in winter) and there are lagoons 
dominated by different plant communities. These range from those 
surrounded by reeds to others characterized by submerged macrophytes; 
to others in which filamentous algae bloom at various times of the 
year, or receive considerable inputs of seaweed from the ocean through 
overtopping of the bar. 
Classification has also shown that a concerted effort should be 
made to determine the tidal prism in each estuary, and during open 
phases in each lagoon. This variable is of undoubted significance in 
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accounting for the differing ecological character of each system. The 
value of data on the daily mouth condition of estuaries and l~oons 
has proved to be invaluable, but in many cases is still lacki~ 
altogether. Particular attention should be paid to ascertaining the 
opening mechanism involved (man-induced, fluvial or marine) if any 
interpretation of the cause and effect is desired. 
Another requirement is a classification of Natal's estuaries and 
lagoons using socio-economic criteria instead of ecological criteria. 
The two classifications would be complementary to one another and 
serve to greatly improve the value judgements presently being made of 
these resources. 
Finally, the value of classification in selecting areas for 
conservation can be briefly considered. 
The word conservation has been defined in Chapter 1 and hence the 
'rational use' of coastal resources is seen to be the ultimate purpose 
of this study. For resources such as lagoons and estuaries to be used 
rationally it has been necessary to classify them so that their users 
know what type of resource they are and what their sensitivities are 
likely to be. This provides some assurance that they will be used in 
the most sensible manner. Furthermore, with the realisation that very 
few of Natal's estuaries south of the Tugela are truly functional 
(Chap. 4), has followed a greater sense of urgency than ever before, 
that active steps are indeed necessary to conserve these assets by 
proper management ( Li ttle , pers. coovn. ). 
If it is accepted that after a century of human developnent and 
progress, there is not one estuary or lagoon in Natal which is in a 
pristine condition, then the wisdom expressed by Poore (1978) warrants 
attention. Poore states" the proper management of rrodified 
ecosystems 
of living 
is of the greatest possible importance in the conservation 
natural resources; it is indeed the essence of good 
conservation." 
Relatively undisturbed systems such as the Mtamvuna, Mhlanga, 
Mdlotane and uMgababa are obvious candidates for conservation 
(Grindley & Cboper,1979). This is because they have a good chance of 
remaining undisturbed in the future, and thus should be accorded 
maximum protection; but one cannot help but wonder in the light of 
the "island dilemma II expressed by Diamond (1975), if the conservation 
of such small entities will make cmy real difference beyond providing 
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a natural area for the few privileged human beings that are 
periodically allowed to visit them. Whilst there is certainly merit 
in having such areas conserved to act as reference si tes for 
comparison with estuaries which have been disturbed (Siegfried,1978), 
in reality, it is highly unlikely such small reserves will fully 
protect the spectrum of wild genetic resources that so urgently 
require conservation . 
In conclusion, the only way in which the interests of nature 
conservation can really be served is through the implementation of a 
comprehensive nation-wide policy to conserve estuaries and lagoons 
thrO\.ghout the country no matter how large or small. Perhaps the rrost 
important need of all is "for man to recover a sense of reverence for 
the land ••• " (Brant, 1979), because time is running out, and it is 
necessary that people in the highest tiers of government are made to 
realize that through population pressures, man and natural resources 
such as estuaries are becoming increasingly interdependent. It is 
towards this em, above all else, that the present study has been 
directed, because I deri ve no comfort from the fact that in the 
coastal zone of Natal, the only habitats that are increasing are built 
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